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FOREWORD

Today's rapidly developing and changing technologies and industrial products and practices
frequently carry with them the increased generation of materials that, if improperly dealt with, can
threaten both public health and the environment. The U.S. Environmental Protection Agency is charged
by Congress with protecting the Nation's land, air, and water resources. Under a mandate of national
environmental laws, the agency strives to formulate and implement actions leading.to a compatible
balance between human activities and the ability of natural resources to support and nurture life. These
laws direct the EPA to perform research to define our environmental problems, measure the impacts,
and search for solutions.

The Risk Reduction Engineering Laboratory is responsible for planning, implementing, and
managing research, development, and demonstration programs to provide an authoritative, defensible
engineering basis in support of the policies, programs, and regulations of the EPA with respect to
drinking water, wastewater, pesticides, toxic substances, solid and hazardous wastes, and Superfund-
related activities. This publication is one of the products of that research and provides a vital communi-
cation link between the researcher and the user community.

This report will assist federal Remedial Project Managers in planning and managing the
technology selection aspects of Remedial Investigations and Feasibility Studies at sites contaminated
with the by-products of lead battery recycling operations. It consolidates useful information on lead
battery recycling sites, such as the following: identification and status of relevant National Priority List
sites: common waste types and matrices: applicable and relevant or appropriate requirements (ARARs);
clean-up target levels: key issues that affect technology selection; commonly selected treatment
technologies: treatability studies; and data needs for remedial investigations. The technology assess-
ment is done in terms of compliance with ARARs; short-term effectiveness; long-term effectiveness:
reduction of toxicity, mobility, and volume; implementability; and cost

This report supplements the more general guidance provided in Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA, Interim Final (USEPA, 1988C).

E. Timothy Oppelt, Director
Risk Reduction Engineering Laboratory
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ABSTRACT

The objective of this report is to provide federal remedial project managers (RPMs) and their
supporting contractors with information to facilitate the selection of treatment alternatives and cleanup
services at lead battery recycling sites. It tailors the Remedial Investigation/Feasibility Study (RI/FS)
process to lead battery recycling sites, evaluates currently used treatments, identifies remediation
alternatives, and forecasts the effectiveness of treatments. Eleven RI/FSs and fifteen Record of Decision
(ROD) documents for lead battery sites were the primary sources of information.

This report also addresses treatability studies at lead battery recycling sites. It presents relevant
examples drawn from results of such studies. Also, it describes the technologies commonly proposed in
RI/FSs and RODs. The technologies are evaluated against six of the nine EPA evaluation criteria
(compliance with ARARs; long-term effectiveness and permanence: reduction of toxicity, mobility, or
volume: short-term effectiveness; implementability; and cost). It compares the technologies to highlight
their salient advantages and disadvantages, and to emphasize those treatments most likely to be
successful in remediating lead battery recycling sites. Finally, it discusses innovative and emerging
technologies, which have the potential to treat lead contaminated wastes.
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SECTION 1

INTRODUCTION

1.1 PURPOSE

The objective of this report is to provide federal Remedial Project Managers (RPMs) and their
supporting contractors with information to facilitate the selection of treatment alternatives and cleanup
services at lead battery recycling sites. It tailors the Remedial Investigation/Feasibility Study (RI/FS)
process to lead battery recycling sites, evaluates currently used treatments, identifies remediation
alternatives, and forecasts the effectiveness of treatments.

Batteries account for more than 80% of the lead used in the United States, of which approxi-
mately 60% is reclaimed. In general, 50% of the national lead requirements are satisfied by recycled
products. During the information collection activities that support this report, 29 Superfund lead battery
recycling sites were identified. Twenty-two of these sites are on the National Priority List, indicating that
they have been or will be the subject of RIs and FSs. In addition, 18 lead battery sites are on the RCRA
Corrective Action list with more in the process of being added. Also, as happened in the early 1980's,
adverse changes in lead production costs are likely to close some operating lead recycling facilities.
Some of these sites may require remediation.

This document principally assists the RPM by consolidating the following types of useful
information:

o Technologies selected via the RI/FS and removal process for other lead battery
recycling sites;

o Case studies of treatabillty studies on lead battery recycling site wastes;

o Profiles of potentially applicable innovative treatment technologies;

o Description of types of operations commonly conducted, and wastes generated at lead
battery recycling sites;

o Applicable and relevant or appropriate requirements (ARARs) identified in completed
RI/FSs;

o Key issues that commonly affect technology selection for lead battery recycling sites;

o Recommendations regarding technology considerations at various stages of the RI/FS
process;



o A generalized assessment m terms of ARAR compliance: short-term effectiveness;
long-term effectiveness: reduction of toxicity, mobility, and volume; implementabiiity:
and, costs of commonly selected technologies; and

o Lists of pertinent references and contacts.

This report is intended to be a useful technology-oriented reference, and not a detailed
instruction book on how to perform a RI/FS for a lead battery recycling site. It should be used in
conjunction with the more general guidance provided in Guidance for Conducting Remedial Investiga-
tions and Feasibility Studies under CERCLA, Interim Final (USEPA, 1988C) and other Office of Solid
Waste and Emergency Response (OSWER) guidance documents referenced at the end of this
document.

By consolidating the information, data, and references of the type described above, this
document assists the RPM to efficiently manage the remedy selection process in a manner that will
attain the program goals, management principles, and expectations set forth in the National Contingency
Plan (40CFR Sections 300.430(a)(l)(i-iii)). The ultimate goal of the remedy selection process is the
selection of remedies that are protective of human health and the environment These remedies should
maintain protection over time and minimize untreated waste.

The program management principles include the following:

o Remediation of the site by operable units when early actions are necessary or appropri-
ate to achieve significant risk reduction quickly;

o Operable units should be remediated in a way that is consistent with the final remedy;

o The complexity of the site problems should be reflected in the data needs, the evalua-
tion of alternatives, and the documentation of the selected remedy.

The program expectations for selected remedies include:

o Treatment to address the principal threats at a site;

o Engineering controls, such as containment, for waste that poses a relatively low
long-term threat or for a situation where treatment is impractical;

o A site-specific combination of treatment and containment to achieve protection of human
health and the environment, as appropriate;

o Institutional controls to supplement engineering controls for long-term management and
to mitigate short-term impacts;

o Use of innovative technology when such technology offers potentially comparable or
superior treatment performance with fewer or lesser adverse impacts than other
avalabie approaches (or when it lowers costs for similar levels of performance than
more demonstrated technologies);

o Beneficial return of useable groundwaters wherever practicable within a reasonable time
frame.



This document also fulfills Objective 378 of the Superfund Management Review implementation
Plan, which is to issue reports that identify specific technologies or combinations of technologies in
order to respond to generic site classes.

1.2 SCOPE AND LIMITATIONS

This report principally addresses Superfund sites where lead-acid banery recycling operations
were performed. Lead-acid battery recycling operations encompass battery breaking, component
separation, lead smelting, and lead refining. These operations, which are described in more detail in
subsequent sections, convert the lead in spent batteries into a marketable product. There are other
Superfund sites, with battery-related contamination, where lead recycling was not the predominant
operation, but these sites are not the focus of this report. Non-recycling lead battery sites, such as
banery acid disposal sites, banery disposal sites (where batteries are mixed with other non-battery
wastes), auto salvage operations, and banery manufacturing sites are included in the list of lead banery
sites in Appendix 8.

The information-gathering effort for this project focused heavily on lead banery recycling sites in
the Superfund National Priority List Project resources were insufficient to permit identification,
collection, and comparison of information and data from other lead-contaminated sites (e.g., lead mining
sites, ceramics manufacturing sites, or non-CERCLA lead sites) from which pertinent lessons might also
have been learned.

The report focuses on: (a) control technologies that have been selected (although in many cases
not yet applied) for remedial actions or removal actions at lead banery recycling sites, and (b) technolo-
gies in the EPA Office of Research and Development's Superfund Innovative Technology Evaluation
(SITE) Program that are innovative and potentially applicable to heavy metals.

No attempt has been made to identify and assess the applicability of all the remediation
technologies cited In Appendix D of the National Contingency Plan (40 CFR Part 300). For example,
containment technologies (e.g. grouting, slurry walls, etc.) are not addressed - except for capping,
addressed only briefly - because they were not selected for remediating the lead banery recycling sites
that were identified in this project Furthermore, the performance of containment systems for lead
banery recycling sites does not differ from other applications. Sufficient knowledge of this remedy exists
so that further coverage in this document was unnecessary.

This document addresses innovative treatment technologies only to a limited extent. The RPM
should recognize that the applicability of existing and future novel technologies to lead battery recycling
sites should be reassessed early in the RI/FS process. The SITE Program can provide the latest
information on many of them

The reader is cautioned against a premature elimination of a technology based entirely on poor
performance reports In this or other documents. The reader should consider not just the technology's
failure, but also the reasons that am presented for it. Only if the same failure conditions are present, in
both the sit* scenarios and the historical information in this report, should one conclude that the
technology wl not work. Even than, the possibilities of pre-treatment. technology modification, or
combined technologies should not be overlooked.

This document alerts the reader to regulatory and policy issues that have had or are expected to
have significant effects on selection of treatment technologies. However, a comprehensive analysis of
regulatory and policy issues was not within the scope of this document



1.3 APPROACH

The basic approach of this report is to (1) identify and classify Superfund lead battery recycling
sites, (2) obtain pertinent information (preferably from completed RI/FSs. and RODs), (3) review the
information for useful data, facts, trends, and lessons learned, and (4) summarize pertinent information n
a format that Is convenient for the RPM.

This basic information collection was supplemented by the identification and limited information-
gathering on approximately 20 lead battery recycling sites where removal actions were planned, in
progress, or completed. It also accumulated material from discussions with RPMs: a review panel which
critiqued draft versions of the document; review of pertinent regulations (e.g.. RCRA land disposal
restrictions). EPA guidance, research reports, and other information related to technology selection.

1.4 ORGANIZATION

This report Is organized Into five chapters: this introduction; three chapters that address
technology considerations during the RI/FS; and a separate chapter devoted to treatabttity studies.
which may be applicable to any stage of the RI/FS process. Appendices contain the following: a
descriptive list of Superfund lead battery sites; a discussion of lead battery structure and chemical
composition; the details of typical battery breaking and secondary lead smelting processes; the /
chemistry of lead and other heavy metals found at lead battery recycling sites: selected lead-related \
OSWER guidance; and a list of U.S. primary and secondary lead smelters.



SECTION 2

SCOPING THE RI/FS FOR LEAD BATTERY RECYCLING SITES

Scoping is the initial planning phase of site remediation. It is enlarged and refined as new
information about the site becomes available. Scoping helps to focus activities and streamline the
RI/FS. thereby preventing needless expenditures of time and money for unnecessary sampling and
analyses. Scoping for a lead battery recycling site should encompass the following activities:

o Project planning* •**•

o Evaluation of existing data*

o Conducting a site visit

o Development of a conceptual site model*

o Identification of remedial action objectives*

o Identification of potential remedial technologies*

o Collecting the data necessary for potential treatability studies

o Identification of potential applicable or relevant and appropriate requirements (ARARs)*

o Identification of data needs*

o Data quality objectives*

o Preparation of project plans

This section addressee only those items marked with an asterisk (*) because they provide
material supplemental to the contents of the general RI/FS guidance (USEPA, 1988C). The remaining
items are adequately addressed in the scoping section of the general RI/FS guidance.

2.1 PROJECT PLANNING

There are a number of Individuals and organizations with considerable experience in selection of
control technologies for lead battery recycling sites. If it is necessary to augment regional experience
and capabilities, the RPM can contact the organizations listed below during the scoping phase. These
contacts may offer other valuable advice or support based on recent developments in their areas of
expertise.



U.S. Bureau of Mines

CONTACT: Lead industry trends (mining, smelting, refining)
Michael Magyar Lead separation process development
FTS 634-1815 Acid teaching treatabtfity studies

Battery case and lead-contaminated soil characterization
EPA-BOM technical assistance Interagency Agreements

U.S. EPA Engineering and Treatment Technology Support Center

CONTACT: Superfund Technical Assistance Response Team (START)
Benjamin Btaney On-going, long-term, technical assistance at two lead battery
FTS 684-7406 recycling sites

FORUM Support
Lead battery recycling site treatability studies on solidification and soils
washing treatments

U.S. EPA Environmental Response Team

CONTACT: Rapid survey of lead contamination in soil via X-ray fluorescence;
George Prince past experience at several lead battery recycling sites
FTS 340-6740

CONTACT: Computer-Aided Response Technologies Selector (CARTS).
Robert Cibulskis now entering the prototype testing phase of development
FTS 340-6746

U.S. EPA Exposure and Ecorisk Assessment Technology Support Center

CONTACT: Metal Speciatlon Equilibrium Model for Surface and
Robert Ambrose Groundwater (MINTEQA2 and PRODEFA2), including past experience
FTS 250-3 130 at several lead battery recycling sites

U.S. EPA Health Risk Technology Support Center

CONTACT: Development of Lead Biokinetic/Uptake Model
Pei-Fung Hurst
FTS 684-7300

U.S. EPA Monitoring and Site ChflrBflyfrafon Technology Support Center

CONTACTS: X-ray fluorescence field survey methods, including work underway to
Kenneth W. Brown accelerate data mapping by coupling X-ray fluorescence detector to
FTS 546-2270 position indicating and data transmission technology.
WWIam Engelmann
FTS 545-2664



2.2 EVALUATION OF EXISTING DATA

A thorough search of existing data should prevent duplication of effort. The resulting remedial
investigation should be more focused and, therefore, more efficient in its expenditure of time and
resources.

2.2.1 Background Information on Lead-Acid Battery Construction. Chemistry, and Recycling
Procedures

If information on batteries, battery breaking, lead smelting, and the chemistry of pertinent heavy
metals has not been collected, the RPM should review the topics presented in Appendix A. These topics
can further an understanding of the site situation, which in turn would improve preliminary judgements
about the suitability of proposed treatments. In addition, the RPM must try to obtain detailed information
about the operational and disposal practices at the specific site.

Exchanging information with RPMs for similar lead battery recycling sites can help to identify
successful remedial approaches. A table in Appendix B describes the operations conducted at 44
CERCLA lead battery sites and their common sources of contamination.

2.2.2 Kev Source* of Lead Battery Recycling Site-Related Information

In addition to the sources covered in the general RI/FS Guidance (USEPA. 1988C), there is a
substantial body of useful information available to the RPM. The key to Superfund information and
technical assistance sources is Technical Support Services for Superfund Site Remediation, 2nd Edition.
ERA/ 540/8-90/011, October 1990 - available at no cost from the Center for Environmental Research
Information at FTS-684-7562. It includes descriptions of technical support sources and brokers,
automated information systems, publications, and other sources of information.

If the USEPA-authored documents cited in the References and Bibliography are not already
accessible, the RPM can arrange to obtain them in a short time, at no cost from either the Superfund
Document Information Center at FTS-382-6940 or the Center for Environmental Research Information at
FTS-6847562. The EPA regional library can also loan hard copies or microfiche files.

This project has collected a considerable number of RI/FSs for lead battery recycling sites in
one location - the USEPA Technical Assistance Section, Technical Support Branch, Risk Reduction
Engineering Laboratory, Edison, NJ at (908) 321-6632. However, this ffle will not be updated; one must
check with the RPM (listed in Appendix B) to ensure the most up-to-date records.

To enhance their understanding of site operations, and increase the options for addressing
wastes at lead battery recycling sites, some RPMs have studied the lead and lead-acid battery industries.
Appendices A through F provide a substantial foundation for this education process. U.S. EPA reports
contain additional process and waste characterization information resulting from the study or regulation
of air, water, and solid waste pollution from lead mining, primary and secondary lead smelting, battery
manufacturing, and battery recycling. The best of these reports, identified during this project, are listed
below.

Inspection and Operating and Maintenance Guidelines tor Secondary
Lead Smelter Air Pollution Control. EPA/600/2-84/026, January 1984.
NTIS * PB84149368. - This document provides (pp. 3-22) a more
detailed description of secondary lead smelter processes and operations
that Is found In Appendix A.



industrial Process Profiles for Environmental Use, Chapter 27. Primary
Lead Industry, EPA/600/2-80/168. July 1980. -- This document contains
an overview and brief descriptions of 22 unit processes in the primary
lead industry (i.e.. mining and subsequent processing of the lead ore).

Lead-Add Battery Manufacture - Background Information for Proposed
Standards. EPA/450/3-79/028a, November 1979. - This document
contains an overview of the lead-acid battery industry and process
description information (pp. 3-1 to 3-23).

Treatment Technology Background Document, EPA/530/SW-89/048A,
June 1989. NT1S * PB89-221410. - This document describes 23 treat-
ment technologies. It was assembled in support of the Best Demon-
strated Available Technology (BOAT) selection for Third Third Wastes.
Among the technologies described are chemical precipitation, high
temperature metals recovery, ion exchange, stabilization, and fuel
substitution.

The National Institute for Occupational Safety and Health (NIOSH) has performed numerous
health hazard evaluations at lead battery facilities. These evaluations typically employ a site visit. They ^
produce a report that provides an overview of the processes performed at the site and a summary of the I
health hazard evaluation. The numerous health hazard evaluation reports are listed (under Lead, by
company name) in the NIOSH Publications Catalog, available in EPA libraries. NIOSH has also
performed in-plant evaluations of control technologies for reducing worker exposures in the secondary
lead industry. The most valuable report is:

Demonstration of Control Technology for Secondary Lead Reprocess-
ing, 1964. Volume I, PB* 84-187-665; Volume II, PB# 84-187-673.

It describes 10 demonstrations of control technologies for reducing lead exposures in industrial lead
reprocessing operations. It details the affected processes and provides an overview of the lead industry
in the early 1980's. Participants included General Battery, Tonolll. East Penn, and Calwest Metals, if
printed NIOSH reports are not available in a particular EPA library, they should be available on
microfiche.

The U.S. Bureau of Mines is another valuable source of background information, such as the
following two informative reports:

The Impact of Existing and Proposed Regulations Upon the Domestic
Lead Industry. August 1988, Open File Report 55-88.

Domestic Secondary Lead Industry: Production and Regulatory Com-
pliance Costa, 1987, Information Circular 9156.

As these tides suggest the documents assess the economic effects of compliance on the
secondary lead Industry. They present process descriptions and detailed production cost estimates.



2.2.3 Key Issues to Address Purina Scoping

Chapter 2 of the USEPA RI/FS Guidance (I988c) addresses the topic of scoping the RI/FS. Fcr
lead battery recycling sites, additional issues should be investigated during scoping:

The Presence of Young Children or Pregnant Women on or Near the Site—

This indicates a need for prompt action, as unborn and young children are particularly
susceptible to the adverse effects of lead poisoning.

Non-Process Sources of Lead-

The natural background lead in soil, leaded gasoline exhaust, spilled leaded gasoline, municipal
incinerators, and plumbing systems can complicate setting cleanup levels. They can also raise problems
in allocation of cleanup responsibility and costs, thus affecting selection and implementation of control
technologies. Hence, such hidden sources of lead must be carefully considered when determining
extent of lead contamination.

A Thorough Understanding of Site History-

Knowledge of shipping and receiving information, materials handling and storage practices,
process descriptions, and waste disposal practices is critical to assessing the site contamination. It is
necessary to determine whether the operation was strictly a battery breaking operation, a combination of
battery breaking and other metal salvage operations, or a combined battery breaking and smelting
operation.

Battery breaking operations - Although these operations may be limited to physical breaking
and separation processes, thermal processes were used in some instances to either melt the scrap lead
or separate it from plastic. Reducing its volume improved handling prior to off-site shipment. Either
case would require investigation of air emissions and residuals.

Salvage operations - For other than battery breaking, the investigation must extend to other
liquids and metals.

Smelting and refining sites - Here the RPM must consider numerous additional sources and
types of contamination (e.g., air emissions, smelting and refining agents, and process by-products).
Table 1 summarizes the types of materials found at such sites; Table 2 summarizes alloying, smelting
and refining agents.

Spent battery acid (sulfurie acid)-

Acid contamination should be thoroughly investigated for several important reasons.

o Bulk sulfurie add in tanks, lagoons, etc. poses a potential worker health and safety

Sulfurie acid may promote the mobility of lead and other metals by lowering pH. thereby
Increasing their solubility.



TABLE 1. SUMMARY OF MATERIALS AT LEAD BATTERY RECYCLING SITES

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Whole batteries

Polypropylene battery scrap, mixed/
unmixed/buned

Hard rubber battery scrap, mixed/
unmixed /buried

Metallic lead scrap, mixed /unmixed/
buried, powder/chips/chunks

Unmixed battery mud (lead sulfate and
lead oxides)

Alloying agents *

Refining agents *

Smelting agents *

Slag/mane

Rue dust

Dross

Lead oxides

Sulfuric acid

Lead-contaminated soil

Air pollution control sludges

Water pollution control sludges

Wastewater

Debris

Battery breaking site

X

X

X

X

X

X

X

X

X

X

Integrated
smelter/refiner site

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

• See Table 2 for listing.
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TABLE 2. LEAD ALLOYING, REFINING, AND SMELTING AGENTS

Alloying Agtnts
(Watts, 1984)

Antimony
Arsenic
Cadmium
Calcium
Copper
Nickel
Selenium
Tin

Rtfining Agents
(USBOM Circular 9 156)

Air
Aluminum
Ammonium Nitrate
Calcium
Magnesium
Natural Gas
Pitch
Potassium Carbonate
Red Lead (Pt.Oj
Sawdust
Sodium Hydroxide
Sodium Nitrate
Steam
Sulfur
Zinc

Smelting Agents

Coke
Limestone
Scrap Iron
Silica
Slag

o Sulfuric acid may decompose soil minerals, causing elevated levels of metals in surface
or groundwater.

o Sols where sulfuric acid has been dumped are likely to be high in sulfates. which may
adversely affect soWdificatlon/stablization.

o Depressed pH caused by sulfuric acid can render surface and ground water unpotable
and can adversely affect biota.

The list of likely areas for acid contamination includes the following:

o Battery storage areas (before and after breaking), where acid could leach through soil
underneath the pies

o Sol beneath or surrounding battery breaking equipment

o Add collection sumps, ponds, or lagoons

o Add discharge areas

Although lead to generaty relatively immobile in sol, the combination of enhanced solubility by
sulfuric add, porous sol, and/or geology; a high water table; and dose proximity to wells or sensitive
environmental areas can result In elevated mobility (and risk).

Asbestos insulation on fumacee and other process equipment and piping-

Asbestos removal can significantly alter cleanup plans.
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Physical Integrity-

Particularly with older facilities, the RPM must assess the integrity of secondary smelter
structures to ensure the safety of on-srte personnel.

The Volume of Material Requiring Cleanup-

This should receive careful consideration. The factors listed below have had a dramatic effect
on volume at lead battery recycling sites:

Burial or incorporation of lead-contaminated waste* into various on-tite structures (e.g.,
berms. road surfaces, etc.-a rather common practice at lead battery recycling sites)-A current survey
compared to a pre-operations topographic map can provide useful dues as to where excavations may
have occurred.

Off-site contaminatlon-lf not addressed early in the project, these factors can radically change
the volume to be addressed by the RI/FS:

o Contaminated waste material, sold or given away, could potentially require retrieval and
cleanup.

o Stack emissions may have extended contaminated areas off-site.

o Wind-carried dust from on-site waste piles or other surfaces may have polluted off-site
areas.

o Nearby residences may have received elevated internal lead concentrations,

o Runoff and flooding may have carried contamination off-site.

o Off-site battery breaker facilities may have fed the defunct smelter. Even though
operations may have ceased, these sites may be considered part of the cleanup.

Filtered or unfiltered samples-This choice may affect the amount of lead measured in ground-
water.

The cleanup level selected-Thls choice depends upon the risk assessment approach and
results. If possible, the specific approach to establishing the cleanup level should be determined early in
the process. Changes in cleanup levels can radically affect the technical and economic feasibility of
remedial options, and hence, the validity of the Feasibility Study.

Storage pnctteet-Storage of raw materials and process by-products require particular
attention. Urdlned and/or uncovered areas are sources of contaminated runoff, teachate, and dust.

Reeydng of on-site materials-Reuse of these materials may be possible. The RPM should
first explore ttw poaatoiRy of transferring unused raw materials or materials that are commonly recycled
within an operating smelter. For example, some smelters may discard slag with recoverable lead
content, but the cost of off-site transportation to applicable smelters may have made recovery economi-
cally infeasible.

12



The flPM should arrange inspection of on-site materials by primary and secondary ead shelters
and refiners, battery case manufacturers, and boilers and industrial furnace operators that burn
hazardous wastes as fuel supplements. Among the two predominant types of automotive battery
casings, modem polypropylene battery casings are routinely recycled. The older hard rubber cases are
not recycled. However, there appears to be some potential for using hard rubber as a fuel supplement

Solid waste products from the furnaces may be acceptable for recycling if the metal content is
high enough and objectionable materials are not present, (I.e., slag for lead recovery and matte for iron
recovery).

Disposal locations-Slag and other debris disposal locations may adversely affect feasibility of
in situ solidification.

2.3 DEVELOPMENT OF A CONCEPTUAL SITE MODEL

Development of a conceptual site model accomplishes two goals: (1) it gamers a general
understanding of the site to aid in evaluating potential risks to human health and the environment, and
(2) it assists in setting priorities for the activities conducted at the site.

The conceptual site model is a graphic representation of site dynamics. The site model
identifies the following:

o Potential sources of contamination (waste piles, pits, ponds, and lagoons).

o Types of contaminants and affected media (sod, groundwater, surface water, buildings,
structures, and equipment).

o Release mechanisms and exposure pathways of potential contamination,

o Actual and potential human and environmental receptors.

Figure 1 shows an example of a lead battery recycling site conceptual model. After evaluating
the existing data and completing the site visit the RPM should determine the contaminant release and
transport mechanisms associated with his/her site.

2.4 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES

Preliminary remedial action objectives are developed during scoping to identify preliminary
remedial action alternatives and Rl data requirements. The objectives are based on the existing data for
the site and the site conceptual model. The preliminary objectives and goals should be developed in
conjunction with the preliminary ARARs and exposure assessment for the site.

SRe-epadAc remedial action objectives for lead battery recycling sites should relate to specific
sources, contaminants, exposure pathways, and receptors. The following remedial action objectives are
typical of toad battary recycling sites and should be considered for the site of interest:

o Protect human and environmental receptors against present or future, direct and dermal
contact with contaminated soil or ingestion of it

o Minimize damage to the saturated zone and provide adequate protection of it from
migrating (teaching) soi contaminants.
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Figure 1. Example lead battery conceptual site model.
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o Protect human and environmental receptors against present or future dermal acscrct.cr:
and mgestion of contaminated groundwater.

o Protect human and environmental receptors against present or future dermal contact
with contaminated structures, buildings, and equipment; also protect them from direct
contact and ingestion of contaminated waste piles.

o Protect human receptors from present or future inhalation of contaminated dust.

'o Protect human and environmental receptors against present or future, direct and dermal
contact with and ingestion of contaminated sediments/sludges in pits, ponds, lagoons.
and surface water.

2.5 IDENTIFICATION OF POTENTIAL REMEDIAL TECHNOLOGIES

Preliminary identification of remedial action alternatives should begin after the identification of
preliminary remedial action objectives. The remedial action alternatives developed at this time will help
focus the scope of the Rl activities. They will delineate the degree of data collection for soils, groundwa-
ter, and other media as well as identifying the action-specific ARARs that may influence the scope of the
Rl. The alternatives developed at tills time wM be refined during the RI/FS process and may change
over time as more information becomes available from the Rl activities.

The remedial technologies commonly proposed in RODs for lead battery recycling sites are
shown in Table 3. The RPM should investigate the application of other innovative technologies to
remediation of heavy metals. For example, the Superfund Innovative Technology Evaluation (SITE)
Program supports testing of innovative and emerging technologies, reports on their progress, and
documents results. Some innovative technologies specific to heavy metals are discussed in Section 5:
in situ solidification/stabilization, biological sorption of metals, in situ vitrification, flame reactor process,
cyclone furnace, and debris washing system.

As of September 1990, 14 lead battery sites have received Records of Decision (ROD), but none
have implemented treatment remedies. Four RODs have selected No Action remedies (Voortman Farm,
PA; Reeser's Landfill, PA; Union Scrap Iron and Metal. MN; and NL/Taracorp/Golden Auto Parts. MM).
Four other sites (Brown's Battery Breaking, PA; C&R Battery, VA; Hebelka Auto Salvage. PA; and Kas-
souf-Kimerling, FL) have recently received RODs. It appears that an acid-leaching process for cleaning
lead-contaminated sol and battery casings, developed by the U.S. Bureau of Mines (BOM), will be used
on the pilot-scale to treat contaminated sols from the United Scrap Lead and Arcanum sites in Ohio
(possibly in FY91). Other sites art moving towards implementation, after FY91, of other treatment
remedies cited in ROOs (e.g.. solidification, battery casing washing, and off-site recycling). Also, as
described in Section 4, a number of treatabitty studies have been conducted with varying degrees of
success regarding (a) solidification/stabilization of soils, (b) washing of soils, (c) acid leaching of soils,
(d) acid leaching of battery cases, (e) segregation and cleaning of battery case scrap, and (f) battery
case recycling.

A number of treatment technologies have been implemented as part of removal actions by the
end of 1990.

Soil-

Solidification of lead-contaminated soil has been completed at the Norco Battery Site.
Norco. CA.
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TABLE 3. REMEDIAL TECHNOLOGIES COMMONLY PROPOSED FOR LEAD
BATTERY RECYCLING SITES

Contaminated
medium Technology Description

Soil

Groundwater

Waste Piles

No action

Solidification/stabilization

Soil washing

Acid leaching

Excavation and off-site
disposal

Capping

No action

Precipitation/flocculation/
sedimentation

Ion exchange

Washing

Removal and off-site disposal

Separation and recycling

Provides a baseline against which other
alternatives can be compared. Includes
groundwater monitoring and land use
restrictions.

Mixes the waste with pozzolanic mate-
rial to produce a strong, monolithic
block.

Uses partide size separation and an
aqueous medium to extract contami-
nants from the soil.

Uses an acid to extract contaminants
from the soil.

Excavates and transports material for
disposal in a RCRA facility.

Installs impermeable barrier/s over the
contaminated sol.

Includes groundwater monitoring and
land use restrictions.

Removes metals as hydroxides, car-
bonates, or sulfides.

Exchanges toxic ions with relatively
harmless ions held by the ion ex-
change material.

Uses a liquid medium to extract
contaminants from battery casings.

Excavates and transports material for
disposal in a RCRA facility.

Separates waste pies based on differ-
ences in size, shape, and density into
components of metallic lead, plastic,
ebonite, and lead oxide. Recyclable
materials are sold.
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TABLE 3. (continued)

Contaminated
medium Technology Description

Buildings, structures,
and equipment

Pits, ponds, lagoons,
and surface water

No action

Demolition

Decontamination

Drainage control measures

Pump and treat water
Dredge sediments mechani-
cally and treat together with
contaminated soil

Includes boarding-up and land use
restrictions.

Includes complete or partial destruction
of structures and disposal of debris.

Washes contaminated structures/
equipment with organic solvent or
detergent

Includes grading of the site, revegeta-
tion, and addition of storm sewers or
drainage ditches.
Same as groundwater above.

Same as son above.

o Solidification of lead-contaminated soil should have commenced by the end of 1990 at
the Cedartown Battery Site, Cedartown, GA and at the Lee's Farm Site, Woodville, Wl.

o Liming of soi was used to elevate pH at the CAR Battery Site, Richmond, VA.

o Liming of sol was also used to elevate pH at Murrieta School Site, Mumeta. CA. After
liming, the surface was covered with a 4-inch aggregate base and a 3-inch asphalt
cover.

o Contaminated sol was stablized with "shotcrate' at the Standard Steel & Metals Salvage
Yard Site, Anchorage, AK.

o StabllzatJon of contaminated soils, followed by asphalt capping, was completed in June
1968 under a consent order at the NL/Taracorp/Golden Auto Parts Site. St. Louis Park.
MN.

Water-

Lead-contaminated surface water was treated to a discharge level of 25 ppb during
removal actions at the Tonolll Site in Nesquehoning. PA. The treatment system em-
ployed several holding ponds, a rectangular darifler, a fine paniculate fltering system,
two cation exchange- cefls, one anton exchange cell, and an activated alumina cell.

17



Pits, Ponds, and Lagoons—

o Sludge in the bottom of the lagoon was removed, dewatered using a filter press, and
disposed on-site at the Tonoili Site, Nesquehoning, PA.

Piles-

o Off-site recycling of lead oxide was chosen by the owner of the Gulf Battery Exchange.
Ocean Springs. MS.

o Off-site recycling of rubber battery chips from Union Scrap Iron and Metals Site,
Minneapolis, MN was accomplished by sending the material to Delatte Metals. Inc., LA.

o Off-site recycling of batteries was part of removal actions at Standard Steel & Metals
Salvage Yard, Anchorage, AK.

Building*, Structure*, and Equipmerrt-

o Concrete floors were scraped of soil and washed with high pressure hoses as part of
removal action at United Scrap Iron & Metal. Minneapolis, MN.

o Floors and walls were decontaminated by sweeping, vacuuming and steam cleaning at
Michael Battery Company Site, Bettendorf, IA.

o Process equipment was decontaminated/demolished under a consent decree at the
NL/Taracorp/Golden Auto Parts Site. St. Louis Park, MN.

Because potential remedies are the core of the RI/FS, Section 5 evaluates them in detail. The
RPM will find Section 5 valuable in planning treatability studies during the scoping phase.

2.8 IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
(ARARs)

Identifying ARARs assists the RPM in (1) establishing cleanup criteria for remedial alternatives:
(2) planning field activities; and (3) implementing remedial action. ARARs for lead battery recycling sites
have been identified by existing RI/FSs and ROOs. The CERCLA Compliance with Other Laws Manual
(USEPA. I988d) w* assist the RPM if it is necessary to identify other site-specific ARARs. ARARs that
apply to lead-battery site* are divided into three categories:

o Actton-Speciflc ARARs (performance design standards, LDRs. etc.).

o Chemical-Specific ARARs (MCLs, MCLGs, etc.).

o Location-Specific ARARs (floodptains, wetlands, etc.).

ActiOfvSoecHle ARARa

Table) 4 lists potential action-specific ARARs which the RPM should consider during the remedy
selection process for lead battery recycling sites. Action-specific ARARs are usually technology- or
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TABLE 4. REMEDIAL ACTIONS AT LEAD BATTERY RECYCLING SITES
AND ACTION-SPECIFIC ARAR CITATIONS

Remedial action
Potential action-specific

ARAR citation
Land disposal restrictions

Placement of waste in land disposal unit

Slurry wall

Placement of liquid waste in landfill

Surface water control

Disposal or decontamination of equipment, structures, and
sods
Treatment unit

Waste pile
Capping

Construction of surface impoundment

Closure with waste in place

Discharge of treatment system effluent

OSHA regulation

40 CFR 268 Subtitle C

40 CFR 268 Subpart D

40 CFR 268 Subpart D

40 CFR 264.314

40 CFR 264.251
40 CFR 264.273
40 CFR 264.301
40 CFR 264.221

40 CFR 264.114

40 CFR 264.190-264.192
40 CFR 254.221
40 CFR 264.251
40 CFR 264.343
40 CFR 264.601

40 CFR 264.251

40 CFR 264.228
40 CFR 264.310
40 CFR 264.117
40 CFR 264.258

40 CFR 264.220

40 CFR 264.228
40 CFR 264.310

40 CFR 122.44
40 CFR 125.104
40 CFR 122.41

29 CFR Parts 1904. 1910. and 1926

Source: USEPA, 1968d.

activity-based requirements or limitations. These requirements are triggered by the selection of a par-
ticular remedial activity. Since the RPM usually considers multiple alternative actions, very different
requirements can come into play. Action-specific requirements do not determine the selection of
remedial alternatives; rather, they indicate how the choice must be made.

19



If lead-contaminated wastes (i.e.. soils and fragments of battery cases) fail the Toxicity
Charactenstic Leaching Procedure (TCLP) test with lead levels equal to or greater than 5.0 mg; L triey
are a RCRA hazardous waste (0008). Lead wastes that produce leachate levels less than 5.0 mg/i are
not considered RCRA hazardous wastes (unless they are hazardous for some other reason).

RCRA hazardous wastes from pits, ponds, lagoons, groundwater, waste piles, soils, structures.
or equipment must meet RCRA Subtitle C treatment, storage, and disposal requirements. RCRA Subtitle
C regulations include the Land Disposal Restrictions (LORs) in 40 CFR Part 268. The LDRs prohibit the
land disposal of certain RCRA hazardous wastes unless they meet specified ferment standards.
These treatment standards are based on the performance of a Best Demonstr -j Available Technology
(BOAT) identified for each RCRA waste code. Treatment standards may be ex^ issed as concentrations
in the TCLP extract or as total waste concentrations.

The LOR program is a "phased-in* program; each waste code has a specific effective date. The
effective date for D008 characteristic lead wastes was August 8, 1990. Much of the contaminated
material at lead battery recycling sites exhibits the TCLP characteristic for lead. Therefore, the LORs are
applicable to remedial actions involving placement of such hazardous wastes from lead battery recycling
sites. The RPM must research the individual effective date for each Extraction Procedure Toxicity (EP
Toxicity) metal identified at a site.

The treatment standard for lead wastewaters and nonwastewaters is 5.0 mg/L Wastes treated to
this level have complied with the LOR requirements. By definition, such wastes are no longer RCRA
hazardous wastes. They may. therefore, be sent for disposal in a Subtitle 0 facility. Lead acid batteries
have a separate treatment standard for thermal recovery of lead in secondary lead smelters. Therefore.
LOR compliance requires that this treatment technology must be used for such wastes.

It should be noted that the storage of lead batteries with the outside shed intact is not consid-
ered land disposal because the battery sheH is considered a container (See 40 CFR 264.314(d)(3)).
However, battery storage is subject to the Subpart J storage standards (relating to secure storage,
secondary containment in some instances, and other requirements). (See Appendix C.) Storage of
other 0008 lead materials prior to smelting is considered land disposal. Because large amounts of such
materials remain at smelting facilities, EPA has granted a two-year national capacity variance until May 8,
1992 - allowing such storage prior to smelting (Federal Register, June 1, 1990).

Because TCLP has replaced the EP Toxicity method, a waste may exhibit the TCLP toxicity
characteristic, but not exhibit the EP Toxicity characteristic. In such a case, the waste is considered a
'newly identified* characteristic waste; it is not subject to the LDRs. Therefore, if a waste exhibits the
TCLP toxicity characteristic, the waste should also be analyzed using the EP toxicity method to
determine whether it is subject to the LDRs. Figure 2 outlines this process in a decision tree.

It is important to note that such 'newly identified' wastes, while not subject to the LORs, are still
RCRA hazardous wastes. They can only be sent for off-site disposal in an approved Subtitle C facility, if
the waste is to be landfiBed on-site, then the remedial alternative must meet the requirements of 40 CFR
264 regarding capping, closure, and groundwater monitoring.

On-ste treatment, such as soil washing of lead-contaminated soil, produces wastewater that can
generally be discharged to groundwater. nearby surface water, or a surface drainage area after
treatment These discharge methods must meet the applicable state and National Pollution Discharge
Elimination System (NPDES) affluent requirements (whichever is more stringent). The wastewater
treatment residues (sludges) may be hazardous and would require further treatment if they are found to
be characteristic wastes, prior to disposal.
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is lead contaminated
waste a nazaraous waste?

Conduct TCLP test

NO

YES

Characteristic hazardous waste

Is waste subject to LORs?

I
Conduct EP Toxicity test

Non-hazardous waste

Not subject to LORs
because waste is newly

. identified tcharactensic waste

Figure 2. Decision tree showing when a waste Is subject
to land disposal restrictions.

21



Occupational Safety and Health Act (OSHA) Regulations (29 CFR Parts 1904, 1910. ana '925)
apply to all work performed during Implementation of a remedial action.

Chemlcal-Soecffle ARAR«

Lead is the primary contaminant at lead battery recycling sites. Other metals such as antimony,
arsenic, cadmium, chromium, copper, and nickel may be present in trace amounts. The RPM should be
aware that these heavy metals are toxic and, therefore, their concentrations should be checked against
ARARs for these metals. Table 5 lists chemical-specific ARARs for lead.

The Office of Emergency and Remedial Response (OERR) has recommended an interim cleanup
level of 15 ppb for lead in potable groundwater, based on childhood health risks. The EPA has identified
10 ug/dL of lead as a blood level of concern in young chldren. Lead levels above 10 ug/dL are
associated with increased risk of adverse effects on neurological development and diverse physiological
functions. Lead levels in drinking water of 15 ppb and below should correlate with blood levels of lead
below th« concern level of 10 «g/dL (USEPA, I990b) (Appendix 0).

Health-based lead cleanup goals for sol must be developed on a site-by-site basis, since
specific ARARs do not exist at this time. The development of a health-based level is important in deter-
mining acceptable levels of residual contamination in soi. The Center for Disease Control (1985) has
reported that concentrations of lead greater than 500 to 1,000 mg/kg in soil could lead to elevated lead
levels in children who inhale or swallow contaminated dirt This concentration range has been adopted
by EPA (1989C) as the guidance level for chldhood lead exposure at residential sites (Appendix E).
OSWER is currently revising this guidance. The updated guidance, which is scheduled for publication
within the next several months, will offer an alternate approach. It will use a biokinetic/uptake model for
determining site-specific, health-based soil lead standards. Use of the model may result in cleanup
levels outside the 500-1.000 ppm range. In addition. EPA has recently issued ROOs for a number of
lead battery site cleanups. Different lead action levels were implemented at specific sites under varying
site conditions (Table 6). These lead action levels are examples of previously selected cleanup levels;
they do not constitute guidance. A baseline risk assessment must be done at each site to establish
cleanup goals.

Location-Specific ARARi

Location-specific ARARs are restrictions placed on the concentration of hazardous substances
or on activities solely because they are done in specific locations. Typically, these locations include
floodpiains, wetlands, historic sites, and sensitive ecosystems or habitats.

The RPM should be aware that the local and state regulations may apply more stringent
standards than those identified above. Since ARARs are subject to modification at any time, the RPM
must keep abreast of regulatory changes. The RPM should also communicate with all appropriate state
personnel (l.e.. project managers. ARAR coordinators, and lexicologists) regarding changes in state and
local ARARs.

2.7 IDENTIFICATION OF DATA NEEDS

Existing Information wW typically be insufficient to adequately define the site, plan for potential
treatability studies, and evaluate remedial technologies. For a lead battery recycling site, specific needs
for additional data should be included in the RI/FS Work Plan.
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TABLE 5. LEAD BATTERY RECYCLING
AND CRITERIA, ADVISORIES,

SITES: CHEMICAL-SPECIFIC ARARs FOR LEAD
AND GUIDANCE TO BE CONSIDERED

Authortly/Requlrtment/CIUtlon

Office of Emergency and Remedial
Response and tftt Ode* of Waste
Programs Enforcement

Resource Conservation and Recov-
ery Act

Office of Emergency and Remedial
Response and the Office of Waste
Programs Enforcement

Clean Water Act
Federal Ambient Water Quality Crtte
ria lor Protection of Human Health

Clean Water Act
Federal Ambient Waler Quality Crtte
ria lor Protection of Human Health

Clean Air Act
National Ambient Air Quality Stan-
dards (NAAQS)

Contaminant

Lead

Lead

Lead

Lead

Lead

Lead

Media

Soil

Wastewaler and non
waslewater

Groundwaler/
drinking water

Surface water

Surface waler

Air

Criteria*

500 1,000 ppm In soil
(under EPA consider
atlon)

5 0 mg/L level

15 <ig/L

50 cg/L in waler

32 ng/L"

56 ».g/L

1 5 »ig/m3 In air

Factors

Interim guidance (Ap
pendlx E)

TCLP Toxlclly

Recommended by
OERR (Appendix D)

Water & lish Ingeslion

For freshwater

For marine

* Criteria are subject to periodic review and modification.
" Hardness dependent This criterion value was calculated using a hardness value of 100 mg/L as CaCO3



TABLE 6. SUMMARY OF SOIL LEAD ACTION LEVELS FOR LEAD BATTERY SITES
BASED ON RODS AND/OR FEASIBILITY STUDIES*

Source
Preventing toad poisoning In young chlkken by
Centert tot Disease Control, 1885

EPA OSWER Directive «9356 442

EPA Region W. ROD. Brown's Battery Breaking
SIM. PA

EPA Region HI. ROD, C&R Battery Company.
Inc. Site. VA

EPA Region HI. ROD, Hebelka Auto Salvage
Yard, PA

EPA Region V. BOO. United Sciap Lead. OH

EPA Region V. ROD. Aicanum Iron and Metal
Site. OH

EPA Region IV, Feasibility Study, Bypass 601
Gioundwator Contamination Site, NC

EPA Region IV. Feasibility Study. Sapp Battery
Salvage Site, FL

EPA Region X. ROD, Gould Site, OR

EPA Region X, ROD, Western Processing. WA

Routes
ol exposure

Chrtdhood lead
poisoning

Oiiect contact

Ingestion and
Inhalation

Ingeslioo

Ingeslion

Ingeslion

Diiect contact

Ingesiion

Diiect contact

Ingeslion

Ingeslion

Soil lead level
lor the protection
ol human health

500 to 1,000mg/fcg

50010 1.000 mg/kg

NA

100 mg/kg

560 mg/kg

600 my/kg

bOO mg/kg

500 mg/kg

79 mg/kg

1. 150 mg/kg

1.000 mg/kg

NA

Risk range**

NA

NA

NA

9x10' - 1 6«)05

tot aisenic

NA

NA

NA

NA

NA

NA

<x10* 9x10"
loi PCB

Basis ol decision

Recommended action level lex rest
denlial aieas

Recommended action l«vel loi toil
denlial aieaa

Action level loi ia:>idenlial environ
ment.

Action lavol loi non i«:>iiJaniidl envi
lonment

Bd&ad on s>ato soil myeMion ^-o
nano

Action lovel loi luiidunlidl anviiun
mem

Action level lor luiidoniml arwiion
menl

Action tovel lot lesidenlidl envnon
menl.

Action lovel lot (evidential envuon
menl
Action level loi woik place u&e

Action level lor residential environ
ment

Basod on woikbi bcuiuiio

• There are no dale lor any other sites.
•• Carcinogenic potency laclor has not txsen established loi lead so a cancer nsk calculation is impossible 10 peiloim at tins tune
NA Not available



Sampling and Toxicrtv Characteristic Leaching Procedure fTCLP) Testing

This test will determine whether lead-contaminated soils or sludges are RCRA hazardous wastes.

The Migration of Lead. Other Metals, and Arsenic

A number of soil and water properties affect migration. Models have been developed to assess
chemical equilibrium for these complex interactions. Table 7 lists the types of input required for metals
speciation models (Hill et al, 1989). Metals speciation models have been used at several lead battery
recycling sites (eg., C&R Battery, VA; ILCO, AL; and Kassouf-Kimerling Battery, FL). As noted in Section
2.1, it is recommended that early coordination be arranged with the EPA Exposure and Ecorisk
Assessment Technology Support Center to ensure the adequate collection of data for speciation models.

If undisturbed, lead tends to accumulate in the soil surface, usually in the top few centimeters.
Concentrations decrease with depth (Adiano, 1986). Insoluble lead sulfide is typically immobile in the
soil profile (Butler, 1954).

Depending on the chemical constituents in a system, pH can have an important impact on the
solubility and, therefore mobility, of metal contaminants. Generally, metals solubility increases with
decreasing pH; arsenic mobility increases with increasing pH. These trends depend on the nature of the
anions and cations in the system, and the presence of cheating agents. Also, the stability of molecular
and ionic species of lead are influenced by pH (Gambrell et al, 1980). The intensity of fixation of lead by
soils is also influenced by pH (Misra and Pandley, 1976; Farrah and Pickering, 1977).

The Cation Exchange Capacity of Soilt

This capacity affects the quantity of metal cations that can be tied up by a given amount of soil
and the mobility of the metals. Therefore, the cation exchange capacity of the sods on-site should be
measured.

The Organic Matter Content of • Soil

This content can affect metal mobility in two ways: by affecting oxidation reduction potentials,
and by providing a source of cheiating agents, which can increase metal mobility.

More Accurate Delineation of Contaminated Areas

The area and depth of sol and other media contaminated with lead are required to calculate the
feed quantities to be processed. Table 8 lists some sampling techniques for various media, including
portable X-ray fluorescence (XRF) detectors for measuring lead concentrations in soil.

FiekJ-portabto XRF units art being used to make in situ measurements of contaminated soil areas
at lead battery recycling sites. XRF can quickly determine the presence of a target metal (Roy F.
Weston, Inc., 1900). This increases the sample population and data averaging that can be used in
mapping, contouring, and other interpretive methods. In situ measurements with the XRF system allow
technicians to Immediately locate and quantify surface lead concentrations. The instrument can also be
used for collected samples from subsurface locations. The instrument detection limit for lead is 70 ppm
(USEPA, 19880). The overall advantages of XRF include 1) minimal sample preparation time, 2) rapid
turnaround analysis time, 3) multi-element analytical capacity, and 4) non-destructive analysis. Its only
disadvantage is the requirement for validation of the method and its applicability must be validated at
each site.
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TABLE 7. INPUT PARAMETERS NEEDED FOR MINTEQA2 METAL SPECLAT1ON MODEL

Conductivity
PH
Temperature
Total dissolved solids
hardness
Density
Dissolved oxygen (DO)
Alkalinity
Sulfate
Sulfides [and hydrogen sulflde or methane]*

Chloride
Bromide
Nitrate
Nitrite
Ammonia
Ortho phosphate
Heavy metals
Iron
Manganese
Sodium

Potassium
Calcium
Magnesium
Aluminum
Bicarbonate
Carbonate
Silica
Dissolved organic
carbon"

The following additional redox species, where the
measurement for the total shows the metal to be
present:

Mn'*
Cr"
Cr°

* Only to be analyzed for samples with zero DO and an H,S odor; however, the sample collector in
the field should make a note about the presence or absence of a sulfide odor.

** Perhaps dissolved concentrations of specific organic complexes if important for a specific metal.

Source: Hill et al. 1989.

In situ XRF analysis was used exclusively at Brown's battery breaking site during the Phase II
activities (Roy F. Weston. 1990). A portable XRF system was used at the C&R Battery site to screen the
surface soil, subsurface soil, and sediment samples collected during the field investigation. This
minimized the number of samples sent to the Contract Laboratory Program (CLP) laboratories for
analysis. XRF was also used to measure lead concentrations in soil and sediment. The data correlated
closely with the CLP results (NUS, 1990).

Data Sufficient for a Preliminary Alignment

The data must support a preliminary assessment of the suitability of potential remedial alterna-
tives. Table 9 lists typical data required to evaluate each type of treatment. Section 5 presents a further
discussion of remedial technologies.

2.8 DATA QUALITY OBJECTIVES

Data quaJty objectives (OOOs) for lead battery recycling sites are formulated to ensure that data
of appropriate quality and correct quantity are obtained during remedial response activities. To confirm
that the data are adequate, a dear understanding of the objectives and the decision-making method
must be achieved early in the project planning process. This is accomplished by the development of
DQOs.
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TABLE 8. TYPICAL SAMPLING PROCEDURES AT LEAD BATTERY RECYCLING SITES

Media Sampling technique Remarks

SoU*

Waste piles

Pits, ponds, lagoons,
and surface water

Groundwater

Buildings. structures,
and equipment

Grain Mrnpter (truel)

Sampling trier

Trowel (scoop)

Veihmeyer sample*

X-f ay ttuoieacence

Split spoon sampler

Shelby tub* sampler

Wast* pile sampler

Thiel

Auger

Cobwasa

Oippai (pond sampler)

Weighted bottle

Tap

Bailer (monitoring wells)

Surface-wipe sampling

Particularly applicable tot sampling powdered or granular lead wastes >uch as HbOcontalning aolls
For surface aoila only.

Primarily lex core sampling near surface Not recommended lor granular materials

Generally applicable tor toil samples less than 3 Inches in depth.

Recommended tor sampling at depths 10-15 leet. Difficult to use on stony, rocky, or very wel soil

XRF has bean used successfully to detect lead In soil in concentrations as low as 70 ppm in soil This
ts an In sMu enalyit* technique. Further delaHt can be found In Pioject Report EPA/600/44//021

Mostly commonly used soil sampling device Determines the stratification, identification, consistency.
and density of the aoila present at a site

Used to obtain undisturbed samples

Field-labncaled PVC pipe approximately 5 ft long and 1 25 inches in diainol«i, cut lenylhwiie, and
boied into the pile by hand (basically a Urge sampling trier).

Available al laboratory supply stores

Humanly used to sample hard or packed solid wastes or soil

Permits the sampling of both free-flowing liquids and slurries Primary limitation llio sample depth
cannot exceed 1 5M.

Not available commercially, usually labiiLaled lor particular application

Bottles must be fabricated in accordance with ASTM D-270 and ASTM
E300

A 2 liter (minimum) sample must be collected for a minimum of b minutes

Excellent means tor collecting samples from monitoring wells They are relatively manpansiva

Buildings should undergo preliminary sampling tor hazardous 01 toxic vapor b and paititulatas

Source: USEPA. 1964, USEPA. I960, and USEPA. 1985a



TABLE 9. DATA REQUIREMENTS FOR POTENTIALLY
APPLICABLE TECHNOLOGIES

Technology Data requirement
Soil

Solidification/stabilization
(USEPA, !986a and Armenia et al.. 1990)

Soil washing/acid leaching
(USEPA. !989d and USEPA, 1990C)

Capping
(USEPA. 1987C)

Off-site land disposal
(USEPA. 19876)

Ground wrtir

Preciprtatton/flocoJattoo/sedimentation
(USEPA, I960b)

o Metal concentrations
o Moisture content
o Bulk density
o Grain-size distribution
o Waste volume
o Sulfate content
o Organic content
o Debris size and type
o TCLP

o Soil type and uniformity
o Moisture content
o Bulk density
o Grain-size distribution
o Clay content
o Metal concentrations/species
o pH
o Cation exchange capacity
o Organic matter content
o Waste volume
o Mineralogical characteristics
o Debris size and type
o TCLP

o Extent of contamination
o Depth to groundwater table
o Climate
o Waste volume

o Soil characterization as dictated by the
landfill operator and the governing
regulatory agency

o Waste volume
o TCLP

o Total suspended solids
o pH
o Metal concentrations
o Oil and grease
o Specific gravity of suspended solids
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TABLE 9. (continued)

Technology Data requirement
Ion exchange
(USEPA, 1989b)

Pumping via wells

W«ate

Off-site landfill
(USEPA, 1987e)

Washing of battery casings

Recycling of battery casings

o Total suspended solids
o Total dissolved solids
o Inorganic cations and anions
o Oil and grease
o pH

o Depth to water table
o Groundwater gradients
o Hydraulic conductivity
o Specific yield estimate
o Porosity
o Thickness of aquifers
o StoratMty

o Waste pile characterization as dictated
by land disposal restrictions

o Waste volume
o TCLP

o Casing type
o Bulk density
o Grain-size distribution
o Metal concentrations
o TCLP

o Composition of battery casings
o Metal concentrations
o Waste volume
o Other information required by recipient
0 TCLP
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For a lead battery recycling site. CGCs should focus on site meaia: 3rounc/»ater. 50.1. .-.as:e
piles, pits, ponds, lagoons, contaminated buildings, structures, and equipment. For more inoeptn
information on DQOs the reader should consult Data Quality Ob/ecr/ves for Remedial Response Actors
(USEPA, I987b), the second volume of which details the development of DQOs for a site containing,
ICE, lead, chromium, and arsenic.

30



SECTION 3

SITE CHARACTERIZATION

Site characterization encompasses the Rl efforts to define the nature and extent of contamina-
tion at a lead battery recycling site and to collect information needed to conduct the risk assessments
and to select the appropriate remedial alternative for the site. Thus it facilitates the selection of remedial
action alternatives. The following site characterization activities comprise a standard Rl:

o Establish the physical characteristics of the site,

o Define the source, nature, and extent of the contamination, and

o Prepare a baseline risk assessment.

3.1 PHYSICAL CHARACTERISTICS

Data on the physical characteristics of the site and its surrounding areas are collected 1) to
identify potential exposure transport pathways and receptor populations, and 2) to provide sufficient
engineering data to develop and evaluate remedial action alternatives. The following information is used
to define a site's physical characteristics:

o A summary of previous physical data accumulated about the site.

o Site surface features (e.g., battery breakage areas, disposal areas, pits, ponds, lagoons,
buildings, and structures).

o Site geology (depth of aquifer, type of bedrock, etc.).

o Sol and vadow zone characteristics (permeability, moisture content cation exchange
capacity. pH, etc.).

o Site hydrogeoiogy (depth to water table, hydraulic conductivity, porosity, groundwater
low direction, etc.).

o Surface water hydrology (drainage patterns, flow in surface water bodies, etc.).

o Meteorological data (precipitation, temperature, etc.).

o Information on demographics, land use, and water use (current/future population,
location of drinking water Intake, recreational areas, etc.).

o Ecotogtaai information (wetlands, floodplains, parks, etc.).
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These data may b« obtained from a variety of federal, state, and locaJ sources including aerai
photographs, historical photographs, topographic surveys, site operation records, sampling/ monitoring
results, demographics, United States Geological Survey (USGS), zoning maps, previous investigations.
and interviews with present/past site owners and employees.

3.2 SOURCE, NATURE, AND EXTENT OF CONTAMINATION

Typical sources of contamination at lead battery recycling sites are heavily contaminated soils:
waste piles: groundwater; pits, ponds, and lagoons; surface water; and buildings, structures, and
equipment. Geophysical surveys can be used to determine the vertical and lateral variations in both
subsurface stratigraphy and subsurface metal contamination. A variety of survey techniques (e.g.,
ground penetrating radar, electrical resistivity, electromagnetic Induction, magnetometry. and seismic
profiling) can effectively detect the locations and extent of buried waste deposits. Borehole geophysics
can be conducted at selected well locations in order to better characterize subsurface stratigraphy.
Field screening techniques such as XRF can be used to pinpoint sampling locations at areas of greatest
contamination ("hot spots'). Sol and waste samples are typically analyzed in the laboratory for the
USEPA Target Analyte List (TAL) metals, TCLP toxicity, total cyanide, total organic carbon, pH,
acidity/alkalinity, and cation exchange capacity. Table 10 contains a complete list of TAL metals.

Monitoring wells are installed and sampled upgradient and downgradient from a lead battery
recycling site. Groundwater monitoring wells are allowed to equilibrate before water level measurement
or groundwater sampling. A slug or pump test can also be performed to evaluate aquifer characteristics.
Samples from the wells are analyzed for TAL metals, total cyanide, total organic carbon, total suspended
solids, total dissolved solids, pH. alkalinity/acidity, hardness, sulfate, chloride, specific conductance,
temperature, and dissolved oxygen. Remedial actions in some geographic regions may be based on
unfiltered groundwater samples, while in others filtered or both filtered and unfiltered samples are used.
Filtered sample analyses are used for concentrations of dissolved and colloidal groundwater con-
stituents. Unfiltered sample analyses are appropriate for total metals concentrations, including metals
contained in suspended sediments.

Water and sediment samples are collected from pits, ponds, lagoons, and surface water; the
samples are analyzed for the chemical parameters mentioned above.

Sampling methods for tests that determine the nature and extent of contamination on building,
structure, and equipment surfaces have not yet been standardized. Surface-wipe sampling is generally
used. In surface-wipe sampling (wet or dry), a surface is wiped with a cotton swab or filter paper.
These media may or may not be wetted with solvent When needed, small sections of contaminated
structure materials (e.g.. corings) can determine the depth of contaminant penetration into porous
materials such as wood or concrete. More information on this subject can be obtained from Guide for
Decontaminating Buildings, Structures, and Equipment at Superfund Sites (USEPA, I985a).

More datals on sampling and analysis can be obtained from Data Quality Objectives for
Remedial Response Actions (USEPA, 1987b), Compendium of Superfund Field Operations Methods
(USEPA, 19871), and Test Methods for Evaluating Solid Waste • Physical/Chemical Methods (USEPA,
1980).

3.3 RISK ASSESSMENT FOR LEAD BATTERY RECYCLING SITES

Risk assessments evaluate the likelihood and potential magnitude of human or environmental
exposure to hazardous substances. Risk assessments can help determine what cleanup levels and
remedies are needed. Risk assessments are muitidisciplinary. They may involve expertise in numerous
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TABLE 10. TARGET ANALYTE UST (TAL) METALS

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium

Calcium
Chromium
Cobalt
Copper
Iron
Lead

Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium

Silver
Sodium
Thallium
Vanadium
Zinc

areas, such as chemistry, toxicology, hydrogeology, soil science, environmental modeling, and statistics.
Because risk assessment Is an integral part of decision-making at all stages of the RI/FS process, the
project team should employ risk assessors and lexicologists earn/ In the process.

Risk assessments at lead battery recycling sites do not differ in approach from those at other
types of CERCLA sites, but there arc a few unique features that are helpful to consider in planning a
RI/FS.

3.3.1 Risk Assessment Guidance

The Superfund Program recommends the use of five EPA publications in assessing risk at sites.

o Risk Assessment Guidance for Superfund (RAGS) • Volume I, Human Health Evaluation
Manual (USEPA, 19690),

o Risk Assessment Guidance for Superfund (RAGS) - Volume II, Environmental Evaluation
Manual (USEPA, 19691).

o Role of the Baseline Risk Assessment In Superfund Remedy Selection Decisions
(USEPA, 1990f).

o Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA. Interim Final (USEPA. I968c).

o The Risk Assessment Guidelines of 1986 (USEPA, I967d).

Superfund hts established • technical support center at the Environmental Criteria and
Assessment Office (ECAO) In Ondmatl. Onto (FTS-684-7300). EPA publishes quarterly Health Effects
Assessment Summary TaUee (HEAST). A general overview of toxldty information on the three most
prevalent contaminants at lead battery recycling sites - lead, antimony, and arsenic - Is provided below.

Lead-

Acutahwganlc lead htoadcatton in humans Is characterized by brain disease, abdominal pain,
destruction of red blood cats, Ifcer damage, kidney disease, seizures, coma, and respiratory arrest

Chronic, low levels of lead exposure can affect the hematcpo*edc systant trie nervous system,
and the cardiovascular syatanx Lead inhibits several key enzymes involved in heme biosynthesis. One
characteristic effect of chronic lead htoxlcalton is anemia, due to reduced hemoglobin production and
shortened erytnrocyte survival In humans, lead exposure has caused nervous system Injury, reducing
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nand-«ye coordination, reaction time. visuaJ motor performance, and nerve conduction velocity ~'~e
developing child seems especially sensitive to lead-induced nervous system injury.

Lead can also affect the immune system and produce gingival lead lines. EpidemidogicaJ
studies have indicated that chronic lead exposures may be associated with increased blood pressure.
Exposure to lead has been associated with sterility, abortion, and Infant mortality. Organolead
compounds are neurotoxic.

EPA has classified lead as a Group 82 carcinogen based on renal tumors in experimental
animals (Federal Register, August 18, 1988).

Antimony-

Antimony exposure can irritate the gastrointestinal tract Acute toxic effects include severe
vomiting and diarrhea. With occupational exposures, rhinitis and acute pulmonary edema may occur

Inhalation of some antimony compounds can inflame the nasal lining, the throat, the trachea,
and the bronchi. It can cause both chronic obstructive lung disease and emphysema. Transient spots
on the skin have been reported in workers.

Arsenic- I

Acute oral exposure to arsenic can cause muscle cramps, facial swelling, cardiovascular
reactions, severe gastrointestinal damage, and vascular collapse leading to death. Inhalation exposures
can cause severe irritation of the nasal lining, larynx, and bronchi.

Chronic oral or inhalation exposure can produce changes in skin, including hyperpigmentation
and hyperkeratosis; peripheral neuropathy; liver injury; and cardiovascular disorders. Oral exposures
may be associated with peripheral vascular disease.

Arsenic Is a known human carcinogen. Oral exposures are associated with skin cancer
inhalation exposures can cause lung cancer.

3.3.2 Specific Rltk Assessment Issues at Lead Battery Recycling Site*

3.3.2.1 Lead Issue* for Lead Battery Recycling S»es-

Before collecting environmental data at the site, the RPM should consult with the Regional
lexicologist to assess the state of risk assessments for lead-contaminated sites. Currently, EPA has no
established reference dose (RfD) or slope factor to estimate the numerical noncarcinogenic and carcino-
genic health impacts resulting from lead exposures. Previous tcodctty values for lead, most notably
those published by the American Institute of Cancer (AIC) in the Superfund Public Health Evaluation
Manual, have been withdrawn and their use prohibited. Risk assessments performed before 1989 may
use the AIC; however, current risk assessment guidance disqualifies its use. Furthermore, development
of an RfD to sinJuata the quantitative, noncancer effects of lead has been prevented by a lack of hard
data on the effects in Infants and young chidrert The multiple media providing exposure to lead also
makes It difficult to gather statistics for threshold. Therefore. EPA may elect to use other risk models in
evaluating the potential risks associated with lead exposure.

Because health effects may be correlated with it the level of lead In blood Is a more appropriate
benchmark for health effects than an estimated intake level. The integrated Uptake/Btokinetic (It 3K)
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model, currently being developed by the EPA and New York University as a software package, may
provide a means of predicting lead levels in blood - based on total lead uptake from inhalation, and
ingestton of sol, dust paint food, and drinking water. The current IU/BK model estimates lead uptake
and blood levels in chidren up to 6 years old. This model is designed to accept input of site-specific
variables. If these variables are not available, the model defaults to pre-programmed values. This model
is still under development; in the future, it may provide a new approach to determining lead exposure.
The EPA Regional Toxtcologist should be consulted before employing any lead exposure model.

An OSWER directive (Appendix E) suggests soil cleanup levels between 500 and 1.000 ppm for
lead-contaminated soils in residential or potential residential areas - taking site conditions into
consideration (USEPA, 1989C). However, this directive is not sensitive to the multi-media nature of lead
exposure and to the variable contribution to total lead uptake of these media at varying sites. Therefore.
OERR Is proposing the use of the IU/BK model, which will tailor sol cleanup levels to the site, and the
RPM should check the status of the modified guidance.

3.3.2.2 Exposure Pathways for Lead Battery Recycling Sites-

Exposure assessment encompasses three objectives: to identify actual or potential exposure
pathways, to characterize the potentially exposed populations, and to determine the extent of the
exposure. Lead contamination at battery recycling sites may occur through one or more of the following
mechanisms:

o Ingestton of contaminated media, such as groundwater and sol;

o Inhalation of contaminated media through exposure to entrained dust including
ingestton of particulates that have been expelled from the lungs; and

o Dermal exposure to contaminated media.

The potential risk from each of these exposure pathways must be evaluated in the context of the
site. In aU cases, exposure potential, based on current and future site activities, should be evaluated for
both residential and occupational exposures. If site-specific intake values are not available, the EPA-
publisned intake values for ingestton and inhalation (USEPA, I988e and USEPA, I988f) should be used.
These default values should provide estimates of potential exposure to site contaminants.

Chidren are espedafy sensitive to low-level effects of lead contamination. Other receptors
should not be excluded, but exposure of chidren is of paramount importance in the assessment The
risk to chidren is greater, not only because of lead toxicity, but also because of chidhood activity
patterns. They tend to play outdoors where there is increased potential for exposure to lead in soil. Soil
ingestton rates are higher for chidren than for other groups.

Ste acceaa la often restricted; therefore on-site exposures to contaminated media may be
limited. HOWM* should someone gain access to the site, they may experience additional exposure to
contamJnatad aeja and other particulates. Ingestton exposure Is intensified by hand-to-mouth activity.
In addUon, uanianlnants may be transported home, with subsequent exposure to other family members.

3.3.2.3 Rlate ••Bailment Date Needs-

Although the data needs for risk assessment at lead battery recycling sites are generally simiar
to those at other sites, some unique features should be considered: the physical nature of the waste,
the use of background data, and the association of lead with other metals. If the btokinetlc model is to
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be used, input needs should be assessed before data are collected. Since the uptake biokinetic mocei
is under development and therefore subject to revision, it is recommended that ECAO (FTS-684-73CC) Ce
contacted to ascertain its status and required input values.

The physical characteristics of wastes at lead battery recycling sites differ from those at many
other types of sites. Large pieces of metallic lead and contaminated battery casings are unique to these
sites. The consideration of these physical characteristics is important in planning the Rl. Because it is
unlikely that these large pieces of contaminated material will follow the same migration pathways as fine-
grained material, it is necessary to assess both particle size and contaminant concentrations. For
example, incidental ingestion of contaminated material may be due to various hand-to-mouth activities
(such as smoking and eating). However, this mechanism would apply only to the fine-grained material;
large pieces of casings or slag would not be ingested. Particle size will also determine whether
contaminated material can become air-entrained.

To obtain Rl data for the risk assessment, likely exposure scenarios should be developed. If the
exposure routes depend on partide size, it may be necessary to conduct size separation on key
soil/material samples and to analyze fine and coarse fractions separately for metal concentrations.

Adequate characterization of background lead concentrations may also be necessary -
especially for sites having high natural background concentrations or sites affected by mining activities,
Plans for collecting background samples should be verified statistically to ensure that the correct
numbers and sample locations are targeted.

Other metals may be associated with lead battery recycling sites. Analyses should not exclude
other toxic metals. The site history should be critically evaluated to determine if other activities there
may have caused other types of contamination.
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SECTION 4

LEAD BATTERY RECYCLING TREATABILITY STUDIES

TreatabUity studies are tests designed to provide critical data needed for the evaluation and,
ultimate implementation of one or more treatment technologies at a specific site. They can be run in the
laboratory or the field. These studies generally aid the characterization of the untreated waste and
analysis of technology performance under different operating conditions. The results may be qualitative
or quantitative, depending on the level of the test Three types of factors dictate the level of test needed;
phase-related (e.g., RI/FS or RD/RA), technology-specific, and site-specific factors. More information on
treatability studies can be obtained from Guide for Conducting TreatabUity Studies Under CERCLA
(USEPA, I989b) and on treatability study vendors, from Inventory of Treatability Study Vendors - Volume
/(USEPA, 1990b).

4.1 EXAMPLES OF SITE-SPECIFIC LEAD BATTERY RECYCLING TREATABILITY STUDIES

Treatability studies on the technologies listed below and described in Section 5 have been
documented in RI/FS documents for lead battery recycling sites:

o Solidification/stabilization (cement-based) - very effective on lead-contaminated soils.

o SoH washing - promising in the laboratory, but unsuccessful at two sites because of
material handling problems.

o Acid-leaching (Bureau of Mines process) - promising, but stilt in bench-scale develop-
ment

o Recycling of battery casings - (Canonie Environmental Services Corp. process) claimed
to produce approximately 75 percent recyclable materials at Gould Site in Oregon.

4.1.1 Solidification/*

Norco Site-

Only one fut-ecale. on-site treatment has been completed to date at a Superfund lead battery
recycling site (Norco Battery Site m California). The Norco Site had approximately 8,000 tons of soil
contaminated wttft lead sulfate (levels up to 80,000 mg/kg). Raw untreated soils had an EP Toxicity
value for lead exceeding 400 mg/L Contaminated soils were screened to 1-1/2 in., pretreated with a
40% calcium hydroxide slurry, and set aside for 3 days before treatment by fixation. This soil was then
mixed, in a moble plant with Portland cement fly ash. and water at a rate of 300 tons per day. Results
achieved were as follows:

o EP Toxicity and TCLP results for lead after 28 days: < 5 mg/L;
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o American Nuclear Society (ANS) 16.1: greater than leach index of 12: and

o Unconfined compressive strength: >500 psi (Martyn, EPA Region 10, personal commu-
nication, 1990).

C&R Battery Site-

HA2CON. Inc. conducted a bench-scale treatability study at the C&R Battery Site in Virginia to
determine the solidification reagents and ratios most suitable to lead-contaminated soil. The concentra-
tion of lead in the EP Toxicity extract (untreated soil) was 119 mg/L This treatability study evaluated the
effectiveness of mixing various ratios of pozzolanic materials with soil, including Type I and Type II
Portland cement fly ash, lime, sodium silicate, and sodium phosphate. Only the cement-based (i.e.,
cement or cement with additives) blends exhibited increases in resistance to leaching of lead. The
treatability results also indicated that the addition of lime and sodium silicate to the cement/soil mixture /'
significantly decreased the leachability of the solidified material. (See Table 11.) The stabilization *
mixture with the smallest percent volume increase that met the EP Toxicity criterion consists of a
1:0.6:0.03 soil /cement/sodium silicate ratio (by weight). Unconfined compressive strength test results
indicated 28-day compressive strengths greater than 1,400 psi for the solidified materials (NUS, 1990).

Gould Site-

A bench-scale study - conducted by Weston Services. Inc. on soil and sediment from the Gould
Site in Oregon - suggested that Portland cement, cement kiln dust and lime kiln dust, mixed with the
soil and sediment at specific increments, Improved the consistency, structural stabyity, and non-
leachability of the contaminated materials. Table 12 summarizes the TCLP laboratory test data for the
various admixtures (Dames and Moore, 1988).

A pilot-scale treatability test was conducted at the Gould site by Canonie Environmental to
collect the information needed to select a formulation for stabilization of waste materials left on the site
following remediation. The program demonstrated that a mix of approximately 14 percent Portland
cement Type Ml, 25 percent cement kin dust and 35 percent water successfully stabilized soils and
waste products crushed to 1/8-in. size. As shown in Table 13. this formulation met all the physical
strength and long-term stability requirements for on-site disposal (Canonie Environmental, undated).

Sapp Battery Slte-

A treatabifty study was conducted at the Sapp Battery Site in Florida to evaluate cementation
technology* for leachata minimization potential. The chemical fixation results indicate that the cement
mixture was much more effective in binding lead than the cement fly ash, and lime mixture. The
Portland cement mixture exhibited excellent binding capacity in all samples tested. The fixed sample
levels were at or near the lead detection limit of 0.06 mg/L (USEPA, I989d), far below the maximum
allowable concentration of 5 mg/L (EP Toxicity).

38



TABLE 11. SOLIDIFICATION/STABILIZATION TREATABILITY STUDY RESULTS
FOR CEMENT-BASED BLENDS THAT PASSED EP TOXICITY

CRITERION FOR LEAD AT THE CAR BATTERY SITE

Soil

1.0

1.0

1 0

1.0

1.0

1.0

Type ii
Portland
cement

0.6

0.6

0.6

1.0

1.0

1.0

Ume

0.067

0.7

0.0

0.0

0.055

0.0

Sodium
silicate

0.0

0.03

0.08

0.0

0.0

0.0

Sodium
phosphate

0.0

0.0

0.0

0.0

0.0

0.067

Lead
concentration

in extract"
(mg/l)

4.2

3.2

1.5

2.4

0.8

2.2

•Concentration in EP Toxicity extract
EP Toxicity criterion for lead is 5 mg/L
EP Toxicity value for untreated soil was 119 mg/L

TABLE 12. TCLP LEACH TEST RESULTS OF BENCH-SCALE STUDY
CONDUCTED ON SOIL AND SEDIMENT FROM THE GOULD SITE

Soil
matrix
Soil
Sediment
Sol
Sol
Sol
Sol
Sol
Sediment
Sediment
Sol
Sol
Sol
Sol

Reagent
description

N/A
N/A
20% Portland cement
20% Cement kin dust (CKD)
20%Ryash
20% Urn* kin dust
20% CKD, 0.22% sodium carbonate
50% Cement kin dust
60% Urn* kin dust
10% CKD, 1.4% sodium carbonate
10% Cement kin dust
30% Cement kin dust
10% CKD, 3.7% sodium carbonate

Lead leachate
level mg/L

710.0
24.0
NO"
3.5

503.0
1.0

36.6
NO
1.0

503.0
336.0

1.4
69.4

•NO • Sample was analyzed, but not detected.

Source: Dames and Moore, 1968
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TABLE 13. SUMMARY OF CANONIE TEST RESULTS ON THE RECOMMENDED
BINDER FORMULATION AT GOULO SITE

Test

Unconrined Compressrve
Strength (ASTM C39)

Extraction Toxicity Procedure
(EPA M.ethod 1310)

Permeability (USAGE
EM- 11 0-2- 1906)

Long-Term Leaching
(ANSI/ANS 16.1)

Wet/Dry Test (ASTM 4843)

Potential Reactivity of
Aggregates (ASTM C289)

Criteria

50 Ibs /in2 gauge (psig)

5 ppm

10"* cm/ sec (less than
surrounding soil)

No specific criteria

Less than 30% wt. loss
Classified as innocuous

Result*

255 psig to 1 ,432 psig

0.8 ppm to 1.7 ppm

Up to 3x10* cm/sec

Less than 4 ppm dis-
solved lead (declining
concentration with time)

Less than 0.06% wt. loss

Classified as innocuous

Pass/fail

Pass

Pass

Pass

Pass

Pass

Pass

Source: Canonie Environmental, undated.

Lee's Farm-

The proprietary MAECTTTE* Process, developed by Maecorp, Inc. has been proposed as a
treatment at the Lee's Farm in Wisconsin. It will stabilize contaminated waste by converting the lead into
alchemical complex which is resistant to leaching. Full-scale operations are scheduled to begin in late
1990 (Maecorp, Inc., personal communication, 1990).

Cedartown Battery-

At Cedartown Battery in Georgia, a contract has been awarded for solidification of approximately
22,000 cu yd lead-contaminated son to the following specifications (after curing 28-days): EP Toxicity <.
50 ppb; TCLP <. 50 ppb. MEP <. 5 ppm; permeability >. 1x10"* cm/s; unconfined compressive strength
_> 50 psi; and volumetric increase <. 50%.

Non-Lead Battery Sltes-

Tabie 14 lists non-battery sites where stabilization/solidification has been used, is in use, or is
proposed for us* in remediating hazardous wastes containing lead (USEPA, I989a). For additional
information on solidification/stabilization, see Section 5.

Sol washing Is primarly a physical process whereby the contaminants which are physically and
chemically adhered to the smaller soi particles (I.e., day, silt, and humus) are separated from the larger
partides. In contrast to soi washing, acid leaching dissolves contaminants by lowering the pH of the
system. Soi washing and acid leaching have been tested on the laboratory- and bench-scale with
promising results.
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TABLE 14. NON-LEAD BATTERY SOLIDIFICATION CASE STUDIES (USEPA, 1989a)
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TABLE 14. (continued)
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Lea's Farm/ILCO Srtes-

Two sites have unsuccessfully attempted soil washing of lead-contaminated soil. Lee's Farm in
Woodville, Wisconsin attempted soil washing with EDTA after brief laboratory-and bench-scale testing.
However, this attempt was discontinued when material handling problems became excessive (USEPA.
I988a). The EPA Mobile Soils Washing System (MSW) was used at the ILCO Site in Leeds. Alabama.
The MSW reduced the level of lead in the ILCO soil from 47.000 to 1.300 ppm. However, severe
materials handling problems - such as fine particles clogging the filter, excessive suspended solids
loading to the EDTA/lead recovery system - prevented the MSW from cleaning up the entire site
(USEPA, 19883).

Arcanum/L««'s Farm Sites-

Researchers have investigated the process characteristics, design, and economics of a soil-
washing process that employs an electromembrane reactor (EMR) to treat contaminated soils and to
recover heavy metals such as lead (USEPA. I988a). The electrowinning process uses EDTA as the
chetating agent and recovers lead by electrodeposition. Treatability studies were performed on lead-
contaminated soils from two Superfund sites (Arcanum near Troy, Ohio and Lee's Farm in Woodville.
Wisconsin). The optimum EDTA/lead molar ratio appears to be 1.5 to 2.0 for both soils tested (USEPA,
I988a). EDTA was not effective in cheating metallic lead in the soils obtained from the Arcanum or
Lee's Farm sites,

EPA Test Program-

EPA recently completed a series of laboratory tests on soil and casing samples from metal
recycling sites. These tests were intended to determine, among other findings, the feasibility of using
soil washing to reduce lead contamination. The soil samples from these sites were subjected to bench-
scale washing cydes using water. EDTA, or a surfactant (Tide detergent), respectively. The results did
not augur success for battery breaker applications. Soil washing did not remove significant amounts of
lead from any of the soil fractions. The lead was not concentrated in any particular soil fraction but
rather was distributed among all the fractions. A comparison of lead concentrations in the wash waters
indicated that the EDTA wash performed better than the surfactant and water washes (PEI Associates.
Inc., 1989). While EDTA was reasonably effective in removing lead. Bureau of Mines researchers
observed that its effectiveness seemed to vary with the species of lead present (Schmidt, 1989). The
Bureau also felt that there are a number of problems associated with EDTA's Meld application, such as
the following:

o Cost of the reagent

o Extreme difficulties In filtering sands and silts.

o Complexity of recycling EDTA.

o Variety of EDTA forms required (depending on the prevalence of various lead species).

Barth et al of EPA conducted a bench-scale study on contaminated soys from several battery
cracking sites across the United States. In this study, sod washing was used as a pretreatment before
solidification/stabilization (S/S). This treatment train approach is feasible because lead is more easily
separated from coarse size particles. S/S is then applied to the smaller volume of fine size particles.
Different washes of tap water (pH - 7), antonte surfactant (0.5%), and Na.EDTA (3:1 molar ratio),
respectively were used at a 10:1 (solution to soil) ratio for a 30-minute contact time. Results showed
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that the creating wash solution removed more lead from the raw soil than the water or surfactant
washes. However, the amount removed was insignificant compared to the total lead content, "he
authors concluded that weathering time impacts the efficiency of separating contaminants from a soil
S/S was effective in reducing the mobility of lead from the washed fines (Barth et al, 1990).

BOM Acid Leachlng-

The Bureau of Mines (BOM) conducted bench-scale studies tc evaluate the performance of acid
leaching solutions on lead in contaminated soil at battery recycling sites. They first subjected soil to an
ammoniaca! leach containing ammonium carbonate and ammonium bisulfite. This converted the lead
species to lead carbonate, which would then be leached with fluosilicic acid and the lead electrowon
from solution. While electrowinning the lead was feasible, its plant required a significant capital outlay.

Since the quantities of contaminated materials to be treated at a single site were relatively small.
BOM decided to investigate the production of lead sulfate sludge instead of lead metal. In this case, the
soil would be subjected to carbonation followed by nitric acid leaching. This would be followed in turn
by the addition of sulfuric acid to precipitate the lead from the solution as lead sulfate.

Table 15 shows some representative results from the Bureau of Mines test The results indicated f
that nitric acid solutions can achieve very high removal efficiencies for soil (greater than 99%) and an EP \
Toxicity level less than 1 mg/L (Schmidt, 1989). For additional discussion on soy washing, see
Section 5.

4.1.3 Recycling of Battery Casinos

There has been no actual field experience to date in the recycling of battery casings at lead
battery recycling sites. BOM-conducted, bench-scale treatability studies showed good removal
efficiencies (Table 16). The residual battery casing materials have an EP Toxicity lead concentration less
than 5 mg/L (Schmidt 1989).

Three battery casing separation tests were performed on Goukj Site materials. One test
employed equipment manufactured by MA Industries, Inc. and the other two equipment manufactured by
Poly-Cycle Industries, Inc. The two companies manufactured similar equipment. However, MA Indus-
tries markets equipment for battery breaking operations, while Poly-Cycle primarily deals only with the
already separated battery components. Each process is designed for spent batteries, not battery
components mixed with dirt and mud. The treatability results were as follows:

o Separated plastic components failed the TCLP lead test. Ebonite failed badly, even after
washing with hydrochloric acid and deionized water.

o A hydrochloric acid wash removed only a minor fraction of the lead contamination from
the plastic.

o A deionized water wash had little or no effect on the lead content.

These results Indicate that lead is interstitial or bound into the solid plastic or ebonite matrix,
rather than surfidat (Dames and Moore, 1988).

A number of commercial vendors were contacted about recycling the Gould, Inc. battery casings
(Tetta, 1989). Several of their facilities feed the ebonite casing component directly to a smelting furnace
as a source of fuel and carbon. Most of the companies expressed reluctance because the amount of
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TABLE 15. REPRESENTATIVE RESULTS OF THE BUREAU OF MINES TREATABILITY TESTS
ON SELECTED SAMPLES OF BATTERY BREAKER SOIL WASTES

Site/waste
United Scrap Lead sol

United Scrap Lead soil

Arcanum soil

Arcanum soil

C&R Battery Soil Sample B

Common
lead

species
Pb. PbSO,. PbO.

Pb. PbSO,. PbO,

Pb (66%). PbSO,

Pb (66%), PbSO4

Pb. PbSO4. PbCOj,
Pb02

Average*
lead
total

(ppm)
8.000 18,000

8.000 18.000

71,000

71,000

71,000

Leaching
method

15% HNOj. 2 hr wash
and 1% HNO3. 24 hr
soak

80 g/L F*. 4 hr & 20
g/L F«, 4 hr. 2 stage
wash. r/fcHNOj. 24 hr
soak

80(j/LF', 4hr, 50 C
& 20 g/L F*. 4-hr.
50 C. 2 stage leach
and 1% HNOj. 24 hr
wash

15% UNO.. 2 hr, 50 C
leach and 1% HNO.,.
50 C. 24 hr wash

15% HNOj. 2 hr and
2% HNOj. 24 hr wash
and 1 hr water rinse

Total
lead

(ppm)
200

203

334

<250

29

EP
Toxiclty
(mg/L)

vl 0

-10

0 26

-0 1

-0 1

'No initial EP Toxicity data available
F* RuosMlcic acid

Source Schmidt. 1989



TABLE 16. REPRESENTATIVE RESULTS OF
SELECTED CHIP SAMPLES OF

THE BUREAU OF MINES TREATMENT TESTS ON
BROKEN BATTERY CASING WASTES

Site/waste
United Scrap toad
granulated chips

Arcanum broken chips

CAR Battery casing
chips

Gould buried casing
chips
(broken)

Rhone Poulenc casing
chips (broken)

Common
lead

species
PbSO4. Pb

PbSO,. Pb

PbSO,. Pb

PbCO3. PbSO4

PbCOj

Average"
lead
total

(ppm)
3.000

3.000

175.000

65.000

Leaching
method

05%HNO3. 1 hr.
20 C wash

1% HNOj. lap wa
ter. 50 C. 24 hr.
agitated

1%HNCv,4hr.
wash and water
rinse

Ammonium carbon-
ale carbonation,
1% HNO3. 20 C. 4
hr wash

Calcium carbonate
carbonation. 05%
HNO3. 20 C. 1 hr
wash

Total
lead

(ppm)
86

210

277

145

516

EP
Toxlcity
(mg/L)
-02

- 3 5

0 15

052

3ti8

•No initial EP Toxicity data available

Source. Schmidt. 1989 '



recoverable lead in the Gould ebonrte would be low and its recovery would lower tneir production
capacity (Tetta. 1989). Several developing processes should become capable of processing waste
battery piles and recovering valuable materials. The success of a particular process will depend, in pan.
on how strongly the lead adheres to the ebonite.

Canonie Environmental Services Corp. under contract to NL Industries. Inc. has developed a
proprietary process. They claim this process is capable of recycling 75 percent of the materials at the
Gould site waste.
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SECTION 5

EVALUATING REMEDIAL ALTERNATIVES

5.1 REMEDIAL ACTION OBJECTIVES

At lead battery recycling sites, the general remedial action objective is to provide adequate
protection for the public and the environment against ingestion, direct contact, or inhalation through the
following:

o Contact with contaminated soil, sludge, sediment, waste piles, buildings, structures,
and/or equipment; (

o Contaminated runoff from the site;

o Potential use of contaminated groundwater

o Contaminated airborne paniculate emissions.

Site-specific remedial action objectives should refer to specific sources, contaminants, pathways,
and receptors.

5.2 DEVELOPING GENERAL RESPONSE ACTIONS

General response actions for lead battery recycling sites that potentially meet the remedial
action objectives have been identified. These actions are media-specific. They include no action, treat-
ment, containment, removal, or any combination of these. Table 17 lists the general response actions
and associated remedial technologies proposed in presently available RI/FS studies and RODs
according to each contaminated medium found at lead battery recycling sites. A list of contrac-
tors/vendors for several specific technologies is given in Table 18.

5.3 DEVELOPMENT AND SCREENING OF TECHNOLOGIES

Feasible remedial alternatives for CERCLA lead battery recycling sites for each medium of
concern wi now be discussed In detal. (Appendix B [Table B-1] lists these alternatives.) Each
technology vril also be evaluated for six of the nine evaluation criteria developed by EPA: compliance
with ARARs; tang-term effectiveness and permanence; reduction of toxicity, mobility, or volume; short-
term effectiveness; impiementabiity, and cost They are not. however, evaluated against overall
protection of human health and the environment, state acceptance, and community acceptance (the
other three EPA criteria).

Innovative technologies are those technologies where limited available data on the performance
and/or cost inhibit their use for many Superfund types of applications (USEPA, 1991).' Currently, all
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TABLE 17. SUMMARY OF GENERAL RESPONSE ACTIONS AND ASSOCIATED REMEDIAL TECHNOLOGIES
COMMONLY PROPOSED FOR LEAD BATTERY RECYCLING SITES

Medium

Soil

Groundwaler

Waste piles

Building. structures, »nd
equipment

Pits, ponds, lagoons,
surface water

General response action
No action

Treatment

Soil removal

Containment

Ho action

Tieatmenl

Tieatmenl

Removal

Resource recovery

No action

Demolition and disposal

Decontamination

Drainage control

Sediment treatment

Sediment removal

Remedial technology

Environmental monitoring

Solidilicalion/sUbilualion
Soil washing

Excavation and olt site disposal in a HCRA landlill
Capping

Gioundwaler monitoring

Pumping with piecipildtion/llocculatioM/sodimentalion tiealmenl

Ion medium filiation

On site washing with lead locovoiy

HCRA landlill

Recycling

Boarding up structures

Ott site RCRA landlill

Solvent or detergent washing

Di ainage control measures

Solidilicalion/slabilu a lion

Mechanical diedging and of! site disposal in a RCHA landlill

Known lead
battery sites
including the
technology

4

9
2

2

3

4

3

1

1

2

3

All Silas

3

2

All sue*

J

1



TABLE 18. CONTRACTOR/VENDOR LIST

Process Company name, location
Solidification/stabilization

Soil washing

Acid l*aching

Precipitation /flocculation /
sedimentation

Recycling

o Pretreatment
o General
o Lead
o Plastic
o Ebonite

ATW/G»Jdw*ld. Sante F« Springs. CA
Bethlenem Steel. Bethlehem. PA
Criemfix Technologies. Inc.. Metaine. LA
Chemical Wast* Management. Riverdaie. IL
Ensit*. inc.. Tucker. GA
Ensotecn. Inc.. North Hollywood. CA
Envinte Field Services. Plymouth Meeting. PA
Geo-Con. Inc.. Pittsburgh, PA
iM-Tech. Oakwood, IX
international Waste Technologies, Wlchita. KS
Lopat Enterprises, Wanamasea, NJ
Maecorp, Inc., Chicago. IL
Resource Recovery of America, Inc., Lakeland, PL
Separation and Recovery Systems. Inc.. irvine. CA
Silicate Technology Corp., Soottsdale, AZ
Soliditech, Inc.. Houston, TX
Solidtek Systems. Inc.. Morrow, GA
ToxCo. Division of Thorn* Environmental. Inc., Anaheim. CA
Wastech. inc.. Oak Ridge, TN
W*stinghouse Hittman Nuclear. Inc., Columbia. MO

Siotrol. Inc.. Chaska. MN
Chapman. Inc., Atlantic Highlands. NJ
Ecova Corporation, Redmond, WA
Harmon Environmental Services, Inc., Auburn. AL
Ozonics Recycling Corporation. Key Biscayne, FT.
Waste-Tech Service*, Inc.. Golden. CO
Westinghouse Seethe Corporation. Pittsburgh. PA

Bur*au of Mines. Washington, DC

ANOCO Environmental Process, Amherst. NY
Carbon Air Services. Hopklns. MN
Chemical Waste Management, Riverdal*. IL
0*tox, inc.. Dayton. OH
Ensotech, Inc.. North Hollywood, CA
Envirochem Waste Mgmt. Serv., Can/, NC
Rsxnord industries, Milwaukee, Wl
Tetra Reoovery System, Pittsburgh, PA

Canonie Environmental Services Corp.
Waste exchanges (PIES Bulletin Board)
Smelters (Appendix F)
Battery case manufacturers
Cement kilns & power plants

Source*: USEPA, 18W6; USEPA, 19085 USEPA. 1987c; and USEPA, 1990h
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source control technologies - with the exception of immobilization of most inorganics and .rcrerat en ;r
most organics - are innovative. With regard to groundwater remediation, all in situ technologies for
remediating groundwater and source material are currently considered Innovative. This section will
discuss potentially applicable innovative technologies that are either in or selected for the SITE
demonstration program. The technologies will be discussed by medium (I.e.. for soil: Biotrol. Inc. Soil
Washing, Geo Safe In Situ Vitrficatton, in situ solidification/stabilization, Retech. inc. Plasma Reactor, and
Babcock and Wlcox Co. Cydone Furnace; for groundwater Bio-Recovery Systems. Inc. Biological
Sorption and Colorado School of Mines' Wetlands-Based Treatment; and for waste piles: Horsehead
Resource Development Co., Inc. Rame Reactor and Risk Reduction Engineering Laboratory Debris
Washing System).

5.3.1 No Action

The no action alternative provides a baseline against which other alternatives can be compared.
This alternative contains no remedial action yet it does involve environmental monitoring and institutional
restrictions such as site fencing, deed restrictions, restrictions on groundwater usage, warning against
excavation, and public awareness programs.

Periodic groundwater monitoring is conducted throughout the area of potential contamination
using on-srte/off-srte monitoring wells and, possibly, nearby residential wells. It evaluates the migration
of contaminants and the potential for contamination of nearby residential wells. In addition, sampling of
surface water and soil/sediment are conducted to monitor off-site transport of contaminants via surface
water runoff, erosion, and fugitive dust

Advantages:

o None. However periodic monitoring of groundwater provides a warning mechanism
against future contaminant concentrations and possible migration from the site.

Disadvantages:

o No treatment or engineering control is exercised. Therefore risks due to direct contact.
ingestion and inhalation remain.

o Neither tooddty. mobiity. nor volume of contaminants is reduced,
o There may be a time lag between contaminant migration and detection.

5.3.2 Contaminated Medium; SoH

Overview-

o The RPM should be aware that no full-scale, innovative technologies have yet been
applied at lead battery recycling sites. However, prior to completion of this report, novel
(non-cement based) solidification operations to achieve very low allowable leachate
(•veto were planned for sites at Lee's Farm. Wisconsin and Cedartown Battery. Georgia.

o Cement-based solidification has been most widely used/tested S/S technology.

o Sol washing/add leaching - in particular the BOM process - shows promise. Howev-
er, It stM remains to be proven in a pilot-scale unit Its planned implementation at the
USL and Arcanum sites in Ohio should provide valuable information on the process.
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o Excavation and off-site disposal has been practiced m the past However, it wnl not
continue (due to Land Disposal Restrictions), unless the contaminated materials are
treated prior to disposal.

o Capping has been proposed for some sites with low contamination levels.

Lead is the primary contaminant found in soil at lead battery recycling sites. Other heavy metals
such as antimony, cadmium, copper, arsenic, and selenium are sometimes present, but normally only m
trace concentrations. Lead-contaminated soils are a RCRA characteristic waste if the TCLP lead level is
greater than 5.0 mg/L To ensure protection of personnel and the community, a health-based action
level must be developed at lead battery recycling sites.

In accordance with OSWER Directive #9355.4-02, ARARs are not available for lead in soil, and
therefore, a soil cleanup range of 500 to 1,000 mg/kg established by the Center for Disease Control
(1985) - based on childhood lead poisoning - has been adopted as a technical directive (USEPA,
I989c). This OSWER directive Is currently undergoing review and may be revised. Different action
levels have been implemented at specific sites under varying site conditions. (See Table 6.)

Sediments and sludges from pits, ponds, lagoons, and surface water are generally treated with
contaminated soils at lead battery recycling sites.

5.3.2.1 SolWHIcttten/SUbilteition of Soil (S/S)- *

Solidification processes produce monolithic blocks of waste with high structural integrity. The
contaminants do not necessarily interact chemically with the solidification reagents (typically ce-
ment/lime) but are mechanically locked within the solidified matrix Stabilization methods usually involve
the addition of materials such as fly ash or blast furnace slag which limit the solubility or mobility of
waste constituents - even though the physical handling characteristics of the waste may not be changed
or improved (USEPA. 1982). Methods involving S/S techniques are often proposed in RODs and RI/FSs
for lead battery recycling sites. Solidification/stabilization of contaminated son can be conducted either
in situ or ex situ. In situ S/S techniques are now considered innovative and are discussed later in this
section.

Usually S/S encompasses excavating the surface and subsurface sols contaminated with lead
and treating them with a pozzaanic stabilization process. If the treated soil no longer displays the TCLP
toxicity characteristic for leaa. can be deposited off-site in a local Industrial or sanitary landfill or in an
on-site landfiH. If the treated scj complies with RCRA land disposal restrictions [40 CFR 268], it can be
deposited in a RCRA landfiH.

The most common processes used at lead battery recycling sites employ Portland cement or
lime pozzotan*. S/S Involve* mbdng the contaminated soil with Portland cement and/or lime along with
other binders such as Ay ash or sllcate reagents to produce a strong, monolithic mass. Cement is
generally suttafate tar (mmobMzing metals (such as lead, antimony, cadmium, and nickel) which are
found at lead battery recycling site*. Because the pH of the cement mixture is high (approximately 12).
most mutttafcnt cations are converted into insoluble hydroxides or carbonates. They are then resistant
to leaching. Arsenic does not form Insoluble hydroxide* or carbonates. Some metals like lead, nickel,
etc. have Increased soiubHry at the very high pHs that occur in the cement hydratton reaction. For
example, during the S/S processing of lead with cement, the lead is most likely converted into its least
soluble form, namely lead hydroxide (Pb(OH)j). On the other hand, when a weak acid-slurry salt such
as sodium sllcat* (Na,SIOJ to added, the salt undergoes hydrolysis and Increases the OK concentra-
tion drastically. This results In the formation of PbO,* which can leach out easiy. Therefore, pH is the
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Key process variable to control (Barth et al, 1990). This effect is important wnen higniy aikajire c.ncers
are used. However, metal hydroxides and carbonates are insoluble only over a narrow pH range: they
are subject to leaching and soiubillzatlon In the presence of even mildly acidic leaching solutions, such
as rain (USEPA, 1985C). Therefore, the solidified waste must be capped or deposited in a landfill. S S
increases the weight and volume of the original material from 10 to 100%. thereby increasing transporta-
tion and disposal costs. The actual increase in volume should be verified during treatability studies.

Critical parameters in stabilization treatment include the selection of stabilizing agents and other
additives, the waste-to-additive ratio, and the mixing and curing conditions. All these parameters depend
on the chemical and physical characteristics of the waste. Bench-scale treatabiiity tests are required to
select the proper additives ratios and curing times. Leaching and compressrve strength tests determine
the integrity of the end product Numerous leaching tests have been developed to test solid wastes,
including the American Nuclear Society leach tests (ANS 16.1), and the Dynamic Leach Test (OLT)
developed especially for hazardous wastes. More detail can be obtained from Stabilization/Solidification
of CERCLA and ROM Wastes: Physical Tests, Chemical Testing Procedures, Technology Screening,
and Field Activities (USEPA, 1989a).

Advantages:

o It reduces the migration of lead.

o Treatment is relatively inexpensive.

o Solid product can be prepared by careful selection of material.

o Mixing equipment is readily available.

o Technology is suitable for immobilizing heavy metals, such as lead at lead battery
recycling sites.

o Additives are readily available.

Disadvantages:

o It Increases volume of treated material.

Problems and Concerns:

o Secondary containment may be needed because lead, still present, may migrate with
time. No long-term data is available at this time.

o Undesirable chemteaj reactions can occur. Material compatibility must be investigated.

o Large amounts of dissolved surfate sans or metallic anions In wastes (e.g., arsenates and
borates) hamper solidification and concrete stability.

o Organic matter, llgntte, sit or day in wastes increases setting time and can lead to
materials handling and mixing complications.

o 01 and grease Interfere with bonding by coating the waste partides.
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TABLE 19. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL TECHNOLOGIES FOR SOIL

technology

No action

SoUdMcallon/

AMAHS

Ooaa IKK aamply nam HCRA
dMM doauM at kM4M ca>
aua> imaliannal (40CFH
Pad an. featcM* O|.

MUM camp*/ *ati NAAO Sun-
daida an toad and paWcuMa

Wojfcai piolaclion duimg on
ma aclmalM mual comply
aa»> OSHA naan and aatMy

Uuil comply Mlh RCHA clo

OH* Pan 2*4. SubpaA G

Oft ata 01 on ula dtipotal
muat comply «ah NCflA land
diapotal i»Hiullon« (40 CfH
PanaM)

££•£• ————— -

o RCRA huwcfcMM <-*kl»>
0.W).w«lo« 4w.d u an*

o f wtotty and •!•!• DOT

Long-term

and

ContamtfMnto wkoutd conMn-
u« lo mtoraiai off «M« *nd

OioundM«l«i monitoring

pMutd* • waVfilng m.Kl>*
nl«m

No long loim nunwn h«Mih
of •nvtoonm.tnU! rttwwoutd
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TABLE 19. (continued)

R~«*
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acMlMdMaaj

E^ -̂ton «•«--.
i*i«oiil

AMAH*

•V ••>*&** and aM*Of>ai

•.•MkjdkywMconwk/
•Ml RDM and MM* na>4a
•on*.

UuM comply ««h NAAO Man
firfi *-- TT' -in itinlriitMi
•MBW.

Wcvhai oiotattton duimg on
•Aa atlMUa* mud comply
«*lh OSM* naaMi and »aMy
la<«ull*ma<M

Uual comply Mh HCH* ck>

CFR PHI M4. Sobp.lt 0

On MM n«*lm«m mual cem-
ply ••» RCiU *nd «•!• opw
Mtox ligulMInn*.

On U« 01 eH MX ditpoMl
cnu« umoly ««i flCHA tond
dtapdMl i«M>ldlan* |40 Cf R

Uutl comply Mtti NAAQ tun
dnd> kx IMd and pMfcutoU
nMMi.

WoiMf (MOMCIKkn dunng oil
MM *cb>lllM mud comply
••h OSHA hMWi and MMy
l«quMMn*nl»

Off »n« liatikpoftAlion ntuU
iXMnply MHti

•nd

No long Mm Human IMaWi
oj am»oi>niir»»l ma» mtjg
(•*aaoc4aMd<MU>ata

GioundwaJai munritMlng nul
laqukad

No long torn human haallh
w annkoomanlal (•*• (would
ba aiaotlMad ««h ala

(jfounddvalai moailoiing fiul
laqunad

Raxluction ol
lOMtoMy. moMWy.

or volunM

o< aoK by lanwtno. toad.

Contanualaa conUmlnajila
Into mucn amaJlai woluma

In wax lo f*duca volunt*.
piucau mual oiovuM • uiit
hcHvy malnod kx uaalina,
•Mining iuMa.

Ooa* not taduca lOHKNy 01
w4uma ol contafntnanta m
llwaoi UoUHy 1* nducad
by placing (ham in a RCfM
toodM

Short-Urm

OuU may t>« ganwaMd dui
Ing aitcawallon and handling
aclnmai

H.»p.,»lo<> BiulaclkMI. lugl

IM* dual conlral piocaduraa.
and ail monitoring may b*
i«q*jU«J 10 piotad woAwa
aiwj (.ummunHy.

UiJkl may ba g«naial«d dui
Iny aiicawallon and handling
actMllar Haapkaloiy prolac
lion, lugriiva dual control
pioc*dui«t. and all monnoi
bitt may ba iaquli*d lo pio
ucl MMjihan and community

Banch and pllol »cal« laMUiy
nqukad lo aimt all
knptomanlaMNty
conaldaiauana

No moblla tyMvrtiB •»*iuu>l«.
Ua*lm*nl ulant mû  IM con
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TABLE 19. (continued)
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Successful S/S of soil would achieve a remedial action objective by protecting the pucnc nea.n
from ingestkxi and inhalation of contaminated soil, and by inhibiting the migration of lead and other
contaminants to groundwater and off-site. This technology is a RCRA Land Disposal Restriction Best
Demonstrated Available Technology (BOAT) to treat lead-contaminated wastes (D008 wastes). Table 19
summarizes the EPA evaluation criteria tor technologies that remediate so* used at sites wtth completed
RI/FS or ROD*.

Two specific In situ S/S techniques, studied under the SITE Program, hold promise for lead
battery recycling sites.

International Wast* Technologies/Gec-Con, Inc. In Situ Solidification/Stabilization
Procese-This in situ solidification/stabilization technology immobilizes organic and inorganic com-
pounds in wet or dry soils, using additives to produce a cement-like mass. The basic components of
this technology are: Geo-Con's deep soil mixing system (DSM) which delivers and mixes the chemicals
with the soil in situ: and a batch mixing plant to supply the International Waste Technologies (IWT)
proprietary treatment chemicals.

The IWT technology can be applied to soils, sediments, and sludges contaminated with organic
compounds and metals. The technology has been laboratory-tested on soils containing pentachlorophe-
nol (PCP), polychlorinated biphenyls (PCBs), refinery wastes, and chlorinated or nitrated hydrocarbons.

The DSM system can be used in almost any soil type. However, mixing time increases in
proportion with fines. It can be used below the water table and in soft rock formations. Large
obstructions must be avoided. The SITE Demonstration of this technology occurred in April, 1988.

S.M.W. Seiko, Inc. In Situ SolWiflcation/Stabillzation-The Soil-Cement Mixing Wall (S.M.W.)
technology developed by Seiko, Inc. involves the in situ stabilization and solidification of contaminated
soils. Multi-axis, overlapping, hollow-stem augers are used to inject solidification/stabilization agents
and blend them with contaminated soils in situ. The product is a monolithic block down to the treatment
depth. This technology applies to soils contaminated with metals and semi-volatile organic compounds.
This project was accepted into the SITE Demonstration Program in June 1989. Site selection is
currently underway.

5.3.2.2 Soil Washing/Acid Leachlng-

Sol washing is a water-based process for mechanically scrubbing soils ex situ to remove
undesirable contaminants. The process removes contaminants from soils in one of two ways: by
dissolving or suspending them In the wash solution or by concentrating them into a smaller volume of
soil through simple particle size separation techniques. Acid leaching dissolves contaminants by
lowering the pH of the system.

This technology excavates the lead-contaminated sol, washing the lead on-site with a solution
(such as nitric add or EDTA), and returning the treated soil to the site for disposal in the excavation
area. There to Nmted fleki experience with the washing of excavated sol at lead battery recycling sites.
(See Section 4.1.2.) EDTA was used as part of an EPA emergency response at Lee's farm in Wisconsin
with less then satisfactory results due to materials handling and other process-related problems, such as
wastewater treatment, during of the sand and sifts, incompatibility of processing equipment with EDTA
(Weston-Sper, 1988). Bench-scale treatabdtty studies performed at three lead battery recycling sites
(CAR Battery, VA; and United Scrap Lead and Arcanum. OH) by the U.S. Bureau of Mines showed high
removal efficiencies for lead using nitric acid. One of the limitations of soil washing as a viable
alternative concerns the physical nature of the soil. Soils which are high in day. silt or fines have
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proven difficult to treat. Bench-and pilot-scaJe testing must De performed prior to implementation "-.3
technology requires significant development. It is classified as emerging or innovative in the United
Slates. Nevertheless, it is used extensively in Europe. More details on non-US, processes can be
obtained from Treatment Technology Bulletin: Soil Washing (USERA, 1990C). This document is
currently in draft form, with final edition expected in 1991.

Figure 3 describes the U.S. Bureau of Mines Acid Leaching Process. Fine soil is subjected to a
carbonatior, step, using ammonium carbonate solution. Ammonium bisulfrte (NH<HSOj) is also added to
convert PbO, in the soil to PbS041 the PbSO, is, in turn, converted to PbC03 by the ammonium car-
bonate ((NH4),COj). The mix is heated and agitated to precipitate the lead as acid-soluble lead car-
bonate. The carbonated soil is washed in a nitric acid solution to solubillze the lead carbonate. The mix
is filtered, rinsed, and conveyed to acid soak tanks where lead sulfate is precipitated by sulfuric acid
(Schmidt, 1989). There is a market for lead sulfate. The dean soil is stored or returned to the site.
Waste streams from the washing system require further treatment before final discharge. Some active
lead battery recycling sites have on-srte industrial wastewater treatment systems that may be able to
receive these waste streams.

Bench- and laboratory-scale treatability tests, as discussed In Section 4, would determine the
type of washing solution, optimum concentration, optimum reaction time, potential methods of
regeneration, and other wastewater treatment requirements. Soil washing produces large amounts of
contaminated water requiring treatment.

Advantages:

o Volume of the contaminant mass is reduced.

o Recyclable lead product from acid leaching can partially offset the cost of treatment.

Disadvantages:

o Sol washing and acid leaching are still in the bench-scale development stage.

o Sols which are high In day. silt, and/or humic material have proven difficult to treat.

o Workers must be trained to handle acids for the acid leaching process.

o Specialized acid-resistant equipment must be used for the acid leaching process.

Problems and Concerns:

o MlneratogJcal characteristics of soil and previous soil treatment (e.g., neutralization) can
have detrimental effects on process reactions and usage of reagents.

o Laboratory and plot testing are necessary to determine feasibility.

o Effluent from sol washing systems require further treatment before final discharge. If
reagents are expensive and are not recyclable, they wiH increase treatment costs.

o Lead sutfate sludge may require further treatment before sale.
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Biotrol, Inc. Soil Washing-The Biotroi Soil Wasnmg System is a water-cased. •v
process for treating excavated soil. The objective of this process is to concentrate the contaminants n a
smaller volume of material separate from a washed soil product. The efficiency of soil washing can be
improved using surfactants, detergents, cheating agents, pH adjustment, or heat This technology is
applicable to soils contaminated with polyaromatic hydrocarbons (PAHs), PCP, pesticides, PCBs. vanous
industrial chemicals, and metals. This process was demonstrated under the SITE program in 1989 for
soil contaminated with PCP and PAHs from the MacGillis & Gibbs Superfund Site in New Brighton.
Minnesota.

5.3.2.3 Soil Excavation and Off-Site Disposal

Excavation and removal of contaminated soil to a RCRA landfill, have been performed exten-
sively at lead battery recycling sites. Off-site disposal must be done in a RCRA landfill. Landfilling of
hazardous materials is becoming increasingly difficult and expensive due to growing regulatory control.

Excavation and removal are applicable to almost all site conditions, although they may be cost-
prohibitive for sites with large volumes, greater depths or complex hydrogeologic environments.
Determining the feasibility of off-site disposal requires knowledge of land disposal restrictions (See
Section 2.4) and other regulations developed by state governments. Excavation can be accomplished
by a wide variety of conventional equipment such as backhoes, cranes, draglines, clamshells, dozers,
and loaders. The hauling equipment includes scrapers, haulers, dredges, dozers, and loaders. Fugitive
dusts from excavation are commonly controlled by chemical dust suppressants, wind screens, water
spraying, and other dust control measures (e.g.. maintaining a favorable slope).

Advantages:

o Engineering control is achieved.

o Contamination is eliminated at the site.

o There is no need for long-term monitoring.

o It Is capable of combination with almost any other remedial
technology.

Disadvantages:

o Costs associated with off-site disposal are high.

o Short-term impacts such as fugitive dust emissions are a major
concern.

o Contamination Is transferred to another location.

Problem and Concerns:

o The location of the RCRA-compiiant landfill, to which the excavated soil would be
transported, has a substantial impact on cost

o Without treatment this technology may not meet RCRA land disposal restrictions.
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5.3.2.4 Soil Capping-

Capptng involves the installation of an impermeable barrier over the contaminated soil to restrict
access and reduce Infiltration of water into the soil. A variety of cap designs and materials are available.
Most designs ant muttWayered to conform with the performance standards in 40 CFR 264.310 which
addresses RCRA landfill closure requirements. However, single-layered designs are used for special
purposes at lead battery recycling sites, for example, when treated soil is backfilled into an excavated
area. Low permeability days and synthetic membranes are commonly used. They can be covered with
top soil and vegetated to protect them from weathering and erosion. Soil materials are readily available,
and synthetic materials are widely manufactured and distributed.

The selection of capping materials and a cap design are influenced by specific factors such as
local availability and cost of cover materials, functions of these materials, the nature of the waste being
covered, local climate, site hydrogeology, and the projected future use of the site.

There are two basic capping designs: multi-layered and single-layered. The RCRA land disposal
regulations of 40 CFR, Subparts K through N require multi-layered caps. The statute describes the
proper design: a three-layered system consisting of 1) a low permeability layer, 2) a drainage layer, and
3) an upper vegetative layer (USEPA, 1985b).

For the first 20 years of service, a properly installed cap generally performs well. However, it
should be inspected on a regular basis for signs of erosion, settlement, or subsidence - and restored as
necessary. In addition, associated groundwater monitoring wells must be maintained and sampled
periodically.

Advantages:

o Engineering control (containment) is achieved.

o It presents a more economical alternative than excavation and removal of wastes.

o The technology reliably seals off contamination.

o Sol materials are readily available.

o Synthetic materials are widely manufactured and distributed.

Disadvantage*:

o It does not remove contamination.

o It establishes need for long-term maintenance.

o Design life Is uncertain.

o Long-term monitoring is required.

Problems and Concerns:

o Periodic inspection and maintenance (i.e., mowing, reseeding, reseating) are needed to
assure a cap's long-term integrity.
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The cost of a cap depends on the type and amount of materials seiected, the thickness of eacn
layer, and the region. Table 20 presents the genera] material and installation costs for caps larger tnan
10 acres. In a recent RCRA Part B permit application for a 4-acre hazardous waste landfill, the installed
cost of a multi-layered cap was estimated at SS.^/ft1. The design for this cap included 3 ft of top soil.
overlying a l-ft sand layer, overlying i ft of compacted clay, overlying a 30-mil High Density Polyethylene
(HOPE) liner, overlying 2 ft of compacted clay (USEPA, I985b).

5.3.2.5 In Situ Vitrification-

Contaminated soils are converted into chemically inert, stable glass and crystalline materials by
a thermal treatment process. Large electrodes are inserted into soil containing significant levels of
silicates. Because soil typically has low conductivity, flaked graphite and glass frit are placed on the soil
surface between the electrodes to provide a starter path for electric current A high current passes
through the electrodes and graphite. The heat melts contaminants, gradually working downward
through the soil. Volatile compounds are collected at the surface for treatment After the process ends
and the soil has cooled, the waste material remains fused In a chemically inert and crystalline form that
has very low teachability rates. This process can be used to remove organics and/or immobilize
inorganics in contaminated soils or sludges. It has not yet been applied at a Superfund site. However,
it has been field demonstrated on radioactive wastes at the DOE's Hanford Nudear Reservation by the
Geosafe Corporation.

Advantages:

o Technology is suitable for immobilizing heavy metals.

o Resulting vitrified mass is effectively inert and impermeable.

Disadvantages:

o The process is energy intensive and often requires temperatures up to 2500°F for fusion
and melting of the waste matrix.

o Special equipment and trained personnel are required.

o The technology has not been demonstrated for heavy metals yet

Problems and Concerns:

o Water in the soi affects operational time and increases the total costs of the process.

o The technology has the potential to cause some contaminants to volatilize and migrate
to the outside boundaries of the treatment area,

5.3.2.6 Other Imovetiv* Processe*-

Retech, Inc. Plasma Reactor-This thermal treatment technology uses heat from a plasma torch
to create a molten bath that detoxifies contaminants in sol. Organic contaminants vaporize and react at
very high temperatures to form Innocuous products. Solids melt into the molten bath. Metals remain in
this phase, which - when cooled - forms a non-leachabie matrix
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TABLE 20. 1990 UNIT COSTS ASSOCIATED WITH CAPPING DISPOSAL SITES

Element Cost*
Gearing and grubbing

Excavation

Earthfill
Berms and levees
Soil liners

Backfill

Soil import
Drainage sand
Drainage rock (rounded)

Soil placement

Vegetation, mulch, and hydroseed

Geotextile fabrics
Bentonite admix (2-9 Ibs/yd3)*

Membrane liners
Nonreinforced

30mlPVC
30mlCPE
30 ml Butyl/EPOM
30 ml Neoprene
100ml HOPE

Reinforced
36 ml Hypalon (CSPER)
60 ml Hypalon (CSPER)
36 ml Hypalon

Installation, excluding earthwork

$1.227.00/acre

S1.78/yd3

$2.34/yd3

$3.46/ydJ

$3.46/yd3

$11.71/yd3

$11.71/yd4

$1.12/yd3

$1,227.00/acre

$1.12 -$3.46/ydJ

$0.22 -$1.23/ft*

$0.28 • $o.39/fta
$0.39 - $0.50/ffa

$0.50-$0.61/ft2
$0.78 - $0.89/ff
$1.23-$1.78/fl2

$0.56 - so.er/ft2
$0.89-$1.12/ft*
$0.56 - $0.67/ft2

$0.67 -$1.34/ft*

•Based on costs for a 400,000 If arw (USEPA, I965b) as updated by construction, labor, and material
cost Indices In Engineering Newt Record 1985 and 1990.

"Includes mixing and placing,

PVC - potyvkryl chloride
CPE - chtorirattd poryethyton*
EPOM - ethylenê xopy<ene-dlene-monomer
CSPER - chlorawlfonated polyethyryene (reinforced)
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This technology can treat botn liquid and solid organic compounds, it is most acproonate 'or
soils and fudges contaminated with metals and hard-to-destroy organic compounds. A demonstration
is planned in late 1990 at a Department of Energy research facility in Suite, Montana.

Babcocfc and Wilcox Co. Cyclone Furnace Process-Thus cyclone furnace technology is
designed to decontaminate wastes containing both organic and metal contaminants. The cyclone
furnace retains heavy metals in a non-leachable slag and vaporizes organic materials prior to incinerating
them.

The treated soils resemble natural obsidian (volcanic glass), similar to the final product of
vitrification.

This technology is applicable to solids and soil contaminated with organic compounds and
metals. Babcock and Wilcox are developing this process under the SITE Emerging Technologies
Program.

5.3.3 Contaminated Medium: Groundwater-

Treatments using precipitation/flocculation/sedimentation and ion exchange are often consid-
ered for remediation of lead battery recycling sites.

Groundwater contamination at lead battery recyding sites is primarily caused by lead and other
heavy metals such as cadmium, chromium, arsenic, and antimony. Very often the levels of these
contaminants are below detection limits. Lead contamination above 15 ug/L in groundwater is
considered a health threat Groundwater treatments such as precipitation/flocculation/sedimentation,
ion exchange, and ion medium filtration have been recommended in ROOs and RI/FSs. Ion medium
ffltratton, referred to as the 'metal grabber* process, is based on passing metal-contaminated water
through a medium that selectively binds cations. Unlike an ion exchange bed, the unit is a disposable
canister containing a granular solid medium instead of a regenerate resia Ion medium filtration is still
in pilot-scale development (Woodward-Clyde Consultants. 1988): therefore, it will not be further
discussed as an available remedy.

Contaminated water from pits, ponds, and lagoons is typically pumped and treated together with
groundwater.

Contaminated groundwater can be treated on-site and then discharged either to a publicly
owned treatment works (POTW), to a surface water body, or into the ground. Some active lead battery
recyding sites may haw on-site industrial wastewater treatment systems that can receive groundwater.
A NPDES permit would be required for surface water discharge. Table 21 summarizes EPA evaluation
criteria of remedial alternatives for groundwater.

5.3.3.1 PredpttaHon/noeculation/Sedimentation-

Tne combination of precipltatlon/flocculation/sedimentatlon is a well-established technology with
specific operating parameters for metals removal from groundwater. This technology pumps ground-
water through extraction weta and then treats It to precipitate lead and other heavy metals. Typical
removal of metals employ* precipitation with hydroxides, carbonates, or sulfides. Hydroxide precipita-
tion with lime Is the moat common choice. Generally lime, soda ash, or sodium sulfide is added to
water in a rapkJ-mbdng tank along with flocculating agents such as alum, lime, and various iron salts.
This mixture then flows to a floccUation chamber that agglomerates partldes, which are then separated
from the liquid phase in a sedimentation chamber. Other physical processes, such as filtration, may
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TABLE 21. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL
TECHNOLOGIES FOR GROUNDWATER

Long-term

•od
p*rntan«nc«

Reduction ol
loilclty, MoMNly,

or vokim*
Short-term

•ffocflv«n**« lmpU<n*nUi>Uhy Co»|

Ooaa MI MMajy «•< ACM

laocFftPMaM.

narta would conMnua
•ataanddown-

txnuQh mi«inara or*

OOM not wduca to«lc*y.
al

ikOw

No lamadlal action ki
Mfcad. to piaiaaion at
«MXk«n). convnunky. and

No knpt«nanlaDII«y con

Would not mi»n»i« wan

No capital co«r

llm^MIIIM^uu
aMocxlad «MUi

•M Mtag

UkOmal aiotaclkm ol pub-
lic nvatti IKMI aHpoama to
onOai

Cnmpiin ««h cdainlcal
Ic and anun ipif •» «t

No long twin hunwi hotfli of Pwmanantty icducai
lodc«V and wkWM el

On MU luffac* VMlw OMchwg*
mu*i comply «nn «• MPOCS

dun may to ganafawd
dunno, «.<avaUon and
hanoHngi

TacnnolO||la* ai« wan
oantonakakM and com lanyv* flum

U.4IUIO

du*l control piu-
c«diw«s. and >k monMof •
Ing m«y tw (*<|u«*d lo

Mma latnadlai acUuna al

Mo •» ground nun comply
MO. 01

mlng Ion CampM «•> c«wNc«l ifMt*
•aion-tp(C«c AHDM^

On MU tutac* IMIW DtoclMig*
mud oamaly «Mh Id* NPOE3

No long laim human haaah 01
anKonmanlal naU muld ba
aatoclalad aMi >w Ma

toddy and voluma ol
conummanav

HdnjKllon ol Uutad MUi
Mo KM pound nun oomaly
•Ml F«t>ol MO. Of

munay

durtng Ma actMMja. Ha-
apualoiy piotadkm. kajl
HM duU contra! proca-
dui««. a/id ab monHonng
may ba laoubad to pcolacl
VKMtora and communtty.

Oarnonatoalad and com

Would nol Inlailwa ««rt
fcjbMa lamadlal actkma al

(USLPA. l

lun •MLliaiiu* >y»

HUM of do Q0m
an InNkal

an annual op*Ma

naitca coal c4
HS.toO* (USLPA,

*Upd«m M ino uUng COM mdwM m jnanonna NMK B»COI<I.



follow. Metal sulfides exnibrt signrficanUy lower solubility than tneir nyarcxxje counterpart, acrie'.e Tcre
complete precipitation, and provide stability over a broad pH range (Figure 4). At a pH of 4.5. sufide
precipitation can achieve the EPA-recommended standard for potable water (i.e., 15 ug/L). Suifkje
precipitation - often effective - can be considerably more expensive than hydroxide precipitation, due to
higher chemical costs and increased process complexity. The precipitated solids would then be handled
m a manner similar to contaminated soils. The supernatant would be discharged to a nearby stream or
to a POTW.

Selection of the most suitable precipitate or flocculant. optimum pH, rapid mix requirements, and
most efficient dosages is determined through laboratory jar test studies.

Groundwater pumping and treatment would require a longer time span - depending on the
surface area of the contaminated aquifer, its porosity, and its hydraulic conductivity. Models can
estimate the time required to restore the water in a contaminated aquifer to a desired cleanup level for a
given chemical (USEPA, I990g). At Western Processing in Kent, Washington, a feasibility study
conduded that the pumping and treating process would take up to 120 years (CH2M Hill. 1985); at the
Sapp Battery Site, Florida, it would take only 7 years (Ecology and Environment, 1987).

Advantages:

o Treatment of contaminated groundwater is achieved.

o Technologies are well established.

o Operating parameters have been defined.

o Equipment is readily available and easy to operate.

o This process can be easily integrated into more complex treatment systems.

Disadvantages:

o Sludge must be sent for proper disposal.

o This technology requires a relatively longer time period.

Problems and Concerns:

o Sludge residues may be hazardous: they may require further treatment before disposal.

5.3.3.2 Ion Exchange-

Ion exchange is a process whereby the toxic ions are removed from the aqueous phase in an
exchange win relatively harmless ions held by the ion exchange material. Modem Ion exchange resins
consist of synthetic organic materials containing ionic functional groups to which exchangeable ions are
attached. Theaa synthetic resins are structurally stable and exhibit a high exchange capacity. They can
be tailored to show selectivity towards specific ions. The exchange reaction is reversible and concentra-
tion-dependent; the exchange resins are regenerate for reuse. All metallic elements - when present as
soluble spedes, either antonic or cationic - can be removed by ion exchange.

A practical upper concentration limit for ion exchange is about 2,500 to 4,000 mg/L A higher
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concentration results in rapid exnausticn of the resin and noramatety ~ qn -egereraticr ;cs;s

Suspended solids in the feed stream should contain less than 50 mg/L to prevent plugging the resins.
Specific ion exchange systems must be designed on a case-by<ase basis (USEPA, I986b).

Advantages:

o Technologies are well established.

o Ion exchange systems are commercially available.

o Units are relatively compact and not energy intensive.

Disadvantages:

o Technology requires a skilled operator.

Problems and Concerns:

o Solution used to regenerate contaminated exchange resins must be sent for proper
disposal via posttreatment.

o Regenerating chemical must be compatible with the waste being
treated.

o Resins must be regenerated.

o Spent resin containing contaminant (e.g.. lead) requires RCRA
disposal.

5.3.3.3 Other Innovative Processet-

The Bio-Recovery Systems, Inc. Biological Sorption Process-Bio-Recovery Systems. Inc. in
Las Cruces, New Mexico is testing AJgaSORB", a new technology for the removal and recovery of heavy
metal ions from groundwater. This biological sorptton process is based on the affinity of algae cell walls
for heavy metal ions. This technology is being tested for the removal of metal ions that are "hard" or
contain high levels of disserved solids from groundwater or surface leachates. This process can remove
heavy metals including lead. This process is being developed under the SITE Emerging Technologies
Program.

Colorado School of Mines' Wetlands-Based Jreatment-Tnls wetlands-based treatment uses
natural biological and geochemical processes inherent in man-made wetlands to accumulate and
remove metala from contaminated water. The treatment system incorporates principal ecosystem
components from wetlands, such as organic soils, microbial fauna, algae, and vascular plants.

Waters contaminated with high metal concentrations and have a low pH flow through the
aerobic and anaerobic zones of the wetland ecosystem. The metals can be removed by filtration, ion
exchange, adsorption, absorption, and precipitation through geochemical and microbial oxidation and
reduction.
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The Colorado School of Mines has entered this process m tne SITE Emerging Tecrrcicg.es
Program.

5.3.4 Contaminated Medium: Waste Piles

Waste pie removal and off-site disposal have been practiced in the past but probably will not
continue due to Land Disposal Restrictions (LDRs), unless the materials are treated prior to disposal.

Recycling of waste piles, in particular the process developed by Canonie Environmental and
sponsored by NL Industries for the Gouid Site shows promise. However, it still remains to be proven in
a field-scale unit.

Waste piles at lead battery recycling sites are usually by-products from recycling operations.
These waste piles can be broken down into several components: battery casings (made of hard rubber.
ebonite, or polypropylene), battery internal components, mane (a metallic sulfide waste containing iron
and lead), slag, and contaminated debris (see Appendix B). They are contaminated with lead and other
heavy metals such as cadmium, chromium, antimony, and arsenic.

Four alternatives are considered as treatments in presently available RODs and RI/FSs: no
action, washing, recycling, and removal for off-site disposal. Recycling separates the primary source
materials into lead fines, plastics, ebonite, and sludge. Lead fines are potentially marketable. Plastic can
be recycled; battery case manufacturers already use this product Although ebonite has no current
market, it has been previously used in other applications such as in fence posts, oil-drilling liquids,
asphalt aggregate, and lead smelter fuel. The possibility of using ebonite from the Gould Site as fuel for
cement kilns or coal-burning power plants is currently being assessed. A lead smelter can be used to
recover lead from sludge. Smelter feed requires lead content of at least 27%. Appendix F lists the
primary and secondary lead smelters in the U.S. Table 22 summarizes EPA evaluation criteria of
remedial technologies for waste pies.

5.3.4.1 Waste Pile Removal and Off-SJte Dlsposal-

The combination of waste pile removal and off-site disposal encompasses excavation, removal,
transportation, and disposal off-site - in a RCRA-compliant landfill. The RCRA-compliant landfill must
meet all regulatory requirements for Isolation of contaminated materials from the environment through
the use of Impervious liners, days, and other RCRA design features. Landfflllng of hazardous materials
is becoming increasingly difficult and expensive due to growing regulatory control. LDRs now require
treatment of waste to reduce lead In TCLP leachate below 5 mg/L (or to the level prescribed in a
treatabiKy variance) prior to disposal The technologies proposed for excavation and off-site disposal
have been demonstrated; they are commercially available. Excavation and removal can totally eliminate
both contamination at a site and the need for long-term monitoring.

Advantage*

o Thie remedy eliminates the contamination at the site.

o There is no need for long-term monitoring.

o Treatment can be used In combination with other remedial
technologies.



TABLE 22. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL TECHNOLOGIES FOR WASTE PILES
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TABLE 22. (continued)
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3,saavantages:

o Costs associated with RCRA off-site disposal are high.

o Fugitive dust control may be expensive.

Problems and Concerns:

o The location of the RCRA-compliant landfill, to which the contents of waste piles would
be transported, has a substantial impact on cost.

o LORs may affect the implementability.

5.3.4.2 Recycling of Battery Casings-

This alternative comprises excavation of the waste piles, followed by on-site separation of battery
casing fragments. Separation is followed by recycling (possibly off-site) of those components that can
be recycled, RCRA off-site disposal of hazardous non-recyclable components, and on-site disposal of
nonhazardous components. During recycling the mixed primary source materials are separated into
components of lead fines, plastic, and ebonite.

Wast* Pilt Washing via BOM Proctss-This technology, developed by the Bureau of Mines, is
similar to acid leaching of soi but somewhat less complicated. However, it is unproven and requires
testing to determine its feasibility. In this process, battery casings are washed with a leaching agent
such as nitric acid to remove lead. Bench-scale treatabiity studies shown in Table 16, performed on
battery casings at the C&R Lead Battery Site, showed good removal efficiencies. Samples of residual
battery casing materials, after leaching, had an EP Toxicity lead concentration of less than 5 mg/L
(Schmidt, 1989 and NUS, 1990).

Rgure 5 shows the U.S. Bureau of Mines process. The waste pile Is first screened and washed.
The sludge washed from the plastic/ebonite casings is recovered as a by-product The casings are then
subjected to a carbonation step, followed by granulation, and recovery of the metallic lead particles.
The casings are then subjected to a nitric acid leach, followed by the addition of sulfuric acid to
precipitate the lead in solution as lead sulfate. which is sold as a by-product. The cleaned plastic casing
chips can be sold to a plastic manufacturer for recycling.

Bench- and pilot-scale treatabiity studies must be conducted to determine the feasibility of this
technology.

Advantages:

o Usable by-products (lead and plastic) may be recovered.

Disadvantages:

o Plot- and full-scale treatment is unproven.

Problems and Concerns:

o Laboratory and pflot-scale testing are necessary to determine technical/economic
feasibility.
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o Effluents from washing systems require post-treatment and, or RCRA disposal.

Canonie Recycling Process-Canonie Environmental Services Corp. under contract to ML
Industnes, Inc. has developed a proprietary process for remediating lead banery and smelting wastes at
the Gould Site in Portland, Oregon (Canonie Environmental, undated). The process uses a liberation
and separation approach to separate the waste matenals into recyclable and nonrecyclaWe products.
The process operates principally with water; rt does not Import toxic chemicals to the site. The
recyclable products consist of:

o Materials with a lead content sufficiently high for recycling, and

o Cleaned matenals such as plastic and ebonite that will pass the EP Toxicity test for lead.

o The materials that cannot be cleaned to pass the EP Toxicity test for lead and do not
contain sufficient lead for recycling are considered 'nonrecydable'.

The process is shown schematically in Figure 6. The battery casing is crushed and washed in
the first stage. The fines are screened from the washed material, the solids are separated from the water
in a settling tank, and the settled pulp is filtered from the solution. These materials are the filter cake
that will typically contain more than 40% lead and less than 30% moisture.

Following the first wash, the screen oversize is fed to a gravity separation device. This system *
separates the plastic and ebonite in the waste from furnace products, rocks, and trash excavated with
the waste. The trash products are collected and stabilized for on-site disposal or off-site disposal in a
Class I landfill.

The ebonite and plastic material passes to the second wash stage where the residual amounts
of lead contamination are removed. The second wash is specifically designed to dean these materials
so that they will pass the EP Toxicity test for lead. The cleaned material will typically contain between
100 and 500 ppm total lead.

Performance at the Gould Site-The Gould site contains approximately 117,500 tons of waste.
Canonie claims that its process there could produce approximately 80,500 tons of recyclable materials
and 37.000 tons of material for stabilization and subsequent on-site disposal. At other sites, the amount
of recyclable material may vary according to site history and use (Canonie Environmental, undated).

Advantages:

o Process operates principally with water it does not bring toxic chemicals on-site.

o It reduces the quantity of material of hazardous waste that must be sent for disposal.

o It can obtain from the waste a product with a higher economic value than the waste.

Disadvantages:

o Wastes must be property disposed.

o Effluent from washing systems requires further treatment before discharge.
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Prooiems and Concerns:

o The technology is still developmental.

o The market for clean ebonrte should be confirmed.

Commercial Recycling Operations-PEl conducted a study for USEPA to evaluate commercial
recycling as a remedial alternative for battery casing contamination at the Gould site in Portland,
Oregon. It identified seven companies with recycling capabilities (Area Engineering. DeLatte Metals,
Engrtec Impianti. Galena Industries, Interstate Lead Co., M.A. Industries, and Poly-Cycle Industries).
Table 23 lists the companies and summarizes pertinent data about their six processes, such as the wash
solutions and the final lead content of the recycled ebonite. Area Engineering and Galena Industries use
the Cal West equipment. None of the seven companies, with the possible exception of those using the
Cal West equipment, were reported to have successfully separated a waste banery pile and produced an
ebonite product that meets the EP Toxicity standard for lead. Cleaning banery wastes from a Superfund
site is difficult for the following reasons:

o The presence of rock and slag that must be removed to avoid damaging the process
equipment.

o The presence of soil, which presents two problems: foaming, and degradation of the
lead oxide product The soil usually remains with similarly-sized lead oxide particles.
Foaming can be prevented by adding appropriate chemicals.

o Lead oxide may be more firmly embedded in the ebonite by lengthy storage in the
ground, making these two components very difficult to separate.

More information can be obtained from Survey of Commercial Battery Recyclers, A Draft Report
(PE1 Associates, Inc., 1988).

5.3.4.3 Other Innovative Processes-

The HorMhead Resource Development Co., Inc. Flam* Reactor Process-The Horsehead
flame reactor process is a patented, hydrocarbon-fueled, flash smelting system that treats residues and
wastes containing metals. The reactor processes wastes with a very hot reducing gas > 2000°C
produced from the combustion of solid or gaseous hydrocarbon fuels in oxygen-enriched air. In a
compact, low cost reactor, the feed materials react rapidly, allowing a high waste throughput The end
products are a non-teachable slag (glass-like when coded) and a recyclable heavy metal-enriched oxide,
which may be marketable. The volume reduction achieved by the process depends on the chemical
and physical properties of the waste.

Electric arc furnace dust lead blast furnace slag, iron residues, zinc plant leach residues,
purification residues, brass ml dusts, and brass mill fumes have been successfully tested. Metal-bearing
wastes haw also been treated; zinc (up to 40% removal), lead (up to 10%), cadmium (up to 3%),
chromium (up to 3%). Other wast* feeds contained copper, cobalt nickel, and arsenic. A SITE
demonstration has been scheduled at the Monaca facility In Pennsylvania. It has not been widely tested
for use at Superfund site cleanups.

The Risk Reduction Engineering Laboratory (RREL) Debris Washing System-Developed by
RREL staff and IT Environmental Programs, Inc. (formerly PEI Associates, Inc.), this technology will
decontaminate debris found at Superfund sites throughout the country. The debris washing system has
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TABLE 23. SUMMARY OF COMMERCIAL LEAD BATTERY RECYCLING OPERATIONS OFFERED BY SEVEN COMPANIES
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oeen aemonstrated and will be commercially developed Dy iT Environmental Programs, ,nc. "he C.'.S
can clean various types of debris (e.g., metallic, masonry, or other solids) that are contaminated with
hazardous chemicals such as pesticides, PCBs. lead, and other metals. This process is being evaluated
by EPA in the SITE Program. Bench-scale studies conducted on six pieces of debris including plastic
spiked with DOT, llndane, PCS and lead sulfate, then washed using surfactant achieved an overall
percentage reduction of lead greater than 98%. This technology has potential application to battery
casings and other metallic and masonary debris found at lead battery recycling sites.

5.3.5 Contaminated Medium: BuiJdlnat. Structures, and Equipment

Contamination of buildings, structures, and equipment Is caused primarily by spillage, storage of
the hazardous materials in and around lead battery recycling facilities, and fugitive dust The common
remediation technologies are demolition and decontamination. Twenty-one decontamination methodolo-
gies, including both traditional and developing techniques, are described in Guide for Decontaminating
Buildings, Structures, and Equipment at Superfund Sites (USEPA, 1985a). This reference provides the
guidance for site cleanup personnel in decontaminating buddings, structures, and equipment. Demoli-
tion and detergent or solvent washing have been proposed in RI/FSs and ROOs for lead battery
recycling sites. None have yet recommended detergent or solvent washing. More often, buildings are
demolished and the rubble is sent off-site to landfills. Table 24 summarizes the EPA evaluation criteria of
treatment technologies for buildings, structures, and equipment.

5.3.6 Contaminated Medium: Ptt«. Ponds. Lagoons, and Surface Water

Pits, ponds, lagoons, and surface water typically contain sutfuric acid.lead. and other metals.
Contaminated water may be pumped into the system, neutralized with caustic soda or lime, and treated
together with groundwater. However, it may be advantageous to treat them separately - depending on
their composition. Contaminated sediments would be dredged mechanically, dewatered. and treated
together with contaminated soN.

In order to minimize surface water and run-off from the site as pathways of contaminant
migration, drainage control measures have been recommended in RI/FSs and ROOs for lead battery
recycling sites. Such measures include grading, revegetation, the construction of storm sewers, and the
addition of drainage ditches.
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TABLE 24. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL TECHNOLOGIES
FOR BUILDINGS, STRUCTURES, AND EQUIPMENT
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GLOSSARY

Alloy:

Blast furnace:

Bullion:

Casting:

Charging:

Dross:

Ebonite:

Grid:

Hammer mills:

Lead-acid
battery:

Matte:

Plate:

Polypropylene:

Primary lead
smelter

Refining:

Reverberatory
furnace:

Rotary furnace:

A substance that is a mixture of two or more metals, or of a metal and a non-
metal.

A toweNike furnace for separating metal in which a blast of air is forced into the
furnace from below, producing the intense heat needed.

Ingots of metal.

The process of forming (molten metal) into a particular shape by pouring it into
a mold.

The process of loading materials in furnaces for heating or melting.

Metal oxides in or on molten metal.

A hard rubber made by treating crude rubber with a large amount of sulfur and
subjecting it to intense heat.

Metallic plate in a battery storage cell that conducts the electric current and
supports the active material (e.g., lead and lead dioxide).

Pivoted hammers mounted on a horizontal shaft, used for shredding, component
separation, and washing.

A storage device for electrical current that consists of plates (lead dioxide and
lead on metallic lead grids) that are immersed in a sulfuric acid solution within
individual cells, and enclosed in an acid-proof case.

An impure mixture of sulfides that is produced in smelting.

A smooth, flat relatively thin piece of metal or other materials.

A very light, highly resistant, thermoplastic resin used in packaging.

A system which separates and refines lead from ore using high-temperature
fumace/s.

Reducing material to a pure state, free from impurities, drosses, etc.

A furnace where metal is heated by a flame deflected downward from the roof.

A furnace which gives heat to the crown and maintains heat under the molten
metal so that the metal is heated from below as well as above.



Saw-type
breaker

Secondary lead
smelter

Slag:

Smelting:

Speiss:

A machine which cuts the top off batteries, thus allowing the acid to drain and
permitting removal of the enclosed lead plates.

A system which recycles new and old scrap using high temperature furnaces.

The fused refuse separated from a metal In the process of smelting.

Melting metallic material to separate impurities from pure metal.

A mixture of metallic arsenides produced during the smelting process.
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APPENDIX A

BACKGROUND INFORMATION ON LEAD-ACID BATTERIES,

BATTERY BREAKING, SECONDARY LEAD SMELTING OPERATIONS,

AND CHEMISTRY OF LEAD AND OTHER HEAVY METALS AT LEAD BATTERY RECYCLING SITES

A.1 LEAD-ACID STORAGE BATTERY DESCRIPTION

Most people are famllar with the outward appearance of automotive batteries. However, the
RPM for a lead battery recycling site will probably observe various internal and external battery
fragments on site. The RPM will review site operating processes and environmental data that require an
understanding of battery's physical and chemical composition. Thus, the following descriptive
information, drawn predominantly from the Sapp Battery Site Remedial Investigation Report, should be
useful to the RPM.

A lead acid storage battery, the essential construction of which Is shown in Figure A-1, consists
of two electrodes dipped into partly dluted sulfuric acid. The positive electrode (cathode) consists of
pure lead dioxide and the negative electrode (anode) is a grid of metallic lead containing various
elemental additives including antimony, arsenic, cadmium, copper, and tin.

The following reactions take place on discharge between the two electrodes dipped into the acid
electrolyte:

Cathode

*M + 2e -> P

4%« -> PbSO4

*M + SO4*W + 2e -> PbSO4W + 2H2OW
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Figure A-1. Lead-acid battery constructkxt

Source: Watts. 1964
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Anode

PbM -> Pb**.,, * 2e
Pb2*,.,, * SO,*".,, -> PbS04,w

Pb,,, + SO,*,., --> PbS04,,, - 2e

Overall Reaction

Pb,,, + Pb02ftl + 4H*W + 2S04*(t, -> 2PbS04W + 2H,0M

Electrical energy is gajavated during the reactions above. To recharge the battery, electric
energy is applied and the reactions are reversed.

The electrodes are isolated by PVC envelope separators (in the case of maintenance-free
batteries) and a fibrous, paper material (in conventional batteries). A standard automotive battery
contains 13 or 15 plates per ceH, with six cells in series, each delivering 2 volts.

The primary function of the various elemental additives in the lead anode is to increase anode
hardness. Table A-l summarizes these additives and their concentrations.

The electrolyte used in a battery is 15-20% sulfuric acid, which has a specific gravity of 1.250, a
pH of 0.8 S.U. and a specific conductivity of > 100.000 umhos/cm. Sulfate concentrations range from
130,000 mg/l to 170.000 rng/l. As might be expected, when the sulfuric acid electrolyte is in contact
with the electrodes, a certain amount of dissolution takes place. Table A-2 gives the metals concentra-
tions typically found in battery add.

An average automotive battery weighs 172 kg (38 Ib), and contains 8.6-9.1 kg (19-20 lb) of lead
(equally divided between anode and cathode), 1.4 kg (3 lb) of polypropylene plastic, and approximately
2 liters of suMUric add. Although moat battery cases are now constructed of polypropylene, they were
previously composed primarily of hard rubber material (e.g.- ebonite) - styrene-butadiene cross-linked
with sulfur (i%-3%). carbon blade or powdered anthracite (30%-50%). and zinc oxide (2%-4%). The
ebonite cases were rigid and brittle, with a nominal 1 /4-in thickness (Black and Veatch, undated).
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TABLE A-1. ELEMENTAL ADDITIVES IN ANODE GRID OF LEAD-ACID STORAGE BATTERY

Element Concentration range (%) Purpose

Cadmium

Antimony

Arsenic

Tin

Copper

Calcium/lead alloy

Selenium/lead aftoy

0.1 -0.14

2 1 / 2 - 7 1/2

0.15

0.10 - 0.5

0.05

Grid-hardening agent - no longer used as
an additive.

Grid-hardening agent - high concentra-
tions of antimony tend to poison the
electrolytic process.

Grid-hardening agent - used as substitute
for antimony.

Grid-hardening agent

Smelting impurity which aids in electrolyt-
ic conductivity.

Prevents hydrogen degassing in mainte-
nance-free batteries.

Prevents hydrogen degassing in mainte-
nance-free batteries.

Source: Watts, 1984

A.2 BATTERY BREAKING AND SECONDARY LEAD SMELTING DESCRIPTION

The lead recovery aspects of lead-acid battery recycling operations consist of battery breaking,
followed by lead smelting and reflning, as shown in Figure A-2 (modified from figure in Smith, et al.
1967).

A.2.1

Satisfy breaking Is the first step In the lead recycling process. The flow diagram in Figure A-3
depicts the lead-add battery breaking process. Most breakers are either hammer mils or saw-type
breakers. NIOSH divides battery breaking operations into 7 categories (NIOSH. 1982):
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TABLE A-2. TYPICAL METALS CONCENTRATIONS IN LEAD-ACID BATTERY ACID

Metal Concentration (mg/l)

Paniculate lead (as lead sulfate >0.4S u size) 60 • 240
Lead (dissolved) 1 - 6
Arsenic i • 6
Antimony 20-175
Zinc 1 - 13.5
Tin 1-6
Cadmium 5 - 20
Calcium 20-150
Iron 112
Selenium Analysis not available

Note: With the exception of. lead, all analyses are for total metals.

Source: Watts, 1984

(a) Whole battery charring. This technique, developed by the Bergsoe smelter in
Denmark, purposely emphasizes as little battery breaking as possible (only
about 20% of the battery mass need to be broken). The acid Is drained from
the battery before charging. "Whole" batteries are mixed with other charge
materials on concrete beds using a rubber-tired front-end loader. After the
charge is prepared, K Is loaded Into the furnace by front-end loader. Although it
may seem to be a low-level emitting process, emissions and exposures are still
a significant problem. Few smelters in the USA use this approach because of
the large furnace size required and the resultant poor economics.

(b) Battery brealdna bv sheer or saw. Many smelters dismantle batteries in a hand
operation In which employees (1) separate plastic and rubber batteries. (2) cut
the top of the battery off, (3) empty the content of the battery onto a pile.
Typically, front-end loaders then move the battery parts to storage and disposal.
This operation la labor Intensive, creates significant emissions during cutting and
handling, and he* traditionally been a physically tiring, irritating (add mist), and
Wgh lead expoeure job-

(c) Hammer-mai h**«~-braaktna In order to speed up the process, remove
employee from expoeure, and utilize plastic battery cases for fuel or resale,
many plants use hammer mils to break batteries. Unfortunately, this approach
continuee to require hand separation of plastic and rubber cased batteries and
manual handling of rubber-cased batteries. Furthermore, the hammer mil is a
high-energy machine which creates high levels of lead and acid mist emissions.

(d) Rotation-type aenaratora. A number of flotation-type battery-breakers are
currently employed in today's (1982) smelters. The technique uses shears,
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saws, and /or hammer mills to reduce battery scrap to small pieces. The separator
produces output streams of hard lead (grids and posts), oxide and sulfate sludge.
plastic, and rubber. The advantage of this system are (1) positive control of furnace
feed enables use of more sophisticated furnaces, e.g., rotary, and (2) separate recycling
of plastic case material which, as of December 1981. was selling for 15-17 cents per
pound. Unfortunately, as with other approaches, emissions are significant and expo-
sures are high.

(e) Low-energy shredder̂ . At least five secondary smelters have (or, have had) low
energy shredders installed for breaking batteries. This system uses a low rpm,
low energy shredding device to slowly shred batteries into chargeable or
separable pieces.

(0 Manual battery breaking. At least one battery breaking operation involved the
use of axes to hack the battery casings apart in order to allow acid to drain and
permit access to the lead.

(g) Cracking bv dropping. In some operations the batteries are dropped on a hard
surface to crack the case and allow the battery acid to drain.

A.2.3 Secondary Lead Smelting (Smith et al. 1967)

The smelting process separates the metal from impurities in either blast reverberatory,
or rotary furnaces. It consists of three basic operations:

o Initial burnout which Incinerates combustibles.
o Sweating, which releases lead metal at its low melting point
o Slagging, which forms a molten lead layer and a layer of oxidized impurities.

When a charge is heated In a furnace, the pure metal portion melts first leaving the flux
and metallic oxides for conversion to slag.

The blast furnace Is used for whole battery scrap. The Wast furnace earn simultaneously
bum out and sweat the charge, thereby conserving fuel and time. However, it is useful
only tor large operations with a high volume of scraps, and It Is Incapable of producing
lead aJoys of different antimony content from the same feed.

A reverberatory furnace can process a finer particle feed, control the antimony content,
and cany out batch operations when the supply of scrap material is limited. The
furnace produces antimony-rich slag'(5 to 9%) and low-antimony lead (less than 1%).
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The rotary furnace has the flexibility to produce a single metal product, like the blast
furnace. Like the reverberator/ furnace, it allows the refiner the option of producing low-
antimony lead for further refinement as well as a high- or low-antimonial alloy. However.
rotary furnaces tend to produce more exhaust gas and fumes and require more skUlful
operation than the other two furnaces. They are also more labor intensive.

Refining is the final step in chemically purifying recycled lead. It takes place in oven-
topped containers called refining kettles that are constructed of cast iron or steel. The
refining process transforms lead bullion to soft pure lead or alloys. After refining and
alloying, the metal is pumped into casting machines and water-cooled.

A.3 CHEMISTRY OF LEAD AND OTHER HEAVY METALS AT LEAD BATTERY RECYCLING SITES

Overview

The chemistry of elemental lead and lead compounds is very complex Lead's complexity is.
exhibited by the capacity of sola (and associated groundwater) to vary adsorption as a function of pH,
cation exchange capacity, organic carbon content, lead specialton, soil/water redox potential, phos-
phate/carbonate levels, and day content

Lead (Pbl

Lead is generally the most widespread and concentrated contaminant present at a lead battery
recycling site (i.e.. battery breaker or secondary lead smelter). It generally poses the greatest environ-
mental and human health risk.

Lead occurs naturaiy In crusteJ material. It is a constituent of more than 200 minerals - most of
them, very rare. The average abundance of lead In the earth's crust Is approximately 15 ppm. Lead is
commonly associated wth ores of copper, zinc, slver, arsenic, and antimony In deposits formed by the
replacement of Hmeetone or ddontte. In addition, lead may occur In a variety of igneous, metamorphic,
and sedimentary rocks (USGS. 1978).

Weathering of lead-bearing rocks is a very slow process. Analysis of nearly 1.000 sol samples
collected from across the U.S. found that the relative abundance of lead In sol ranges from less than 10
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ppm to 700 ppm with a mean concentration of 16 ppm. Only 6% of these samples contained greater
than 30 ppm of lead (USGS, 1976).

Lead Is a heavy metal that exists in three oxidation states: 0. +2(11). and +4(IV). Lead (Pb).
lead suifate (PbSOJ, lead oxide (PbO), and lead dioxide (PbOJ are the predominant lead species found
at a lead battery site. However, the lead species at sites with carbonate sods are generally carbona-
ceous forms, such as lead carbonate (PbCOJ, hydrocerussite (Pb,(COj),(OH)j), or lead hillite (Pb4S04

(COj)j(OH)j). For example, the predominant lead species at the CAR Battery site in Virginia was
hydrocerussite.

The metallic lead and lead dioxide electrodes in batteries - and other lead minerals or salts -
have relatively higher densities than water. Some of the compounds are slightly soluble while others are
insoluble in water (Table A-3). Throughout most of the natural environment the divalent form, Pb*2. is
the most stable ionized form. f

Lead compounds can also be adsorbed onto hydrous oxides of iron and manganese and be
immobilized in double and triple salts. Sols strongly retain lead in their upper few centimeters; they are
the major sinks for poflutant lead. Lead can also be btomethytated, forming tetramethyl and tetraethyl
lead. These compounds may enter the atmosphere by volatilization.

The capacity of sol to adsorb lead Increases with pH, cation exchange capacity, organic carbon
content sol/water Eh (redox potential), and phosphate levels. Lead exhibits a high degree of adsorp-
tion on day-rich sol Only a small percent of the total lead In sol is teachable: the major portion is
usually solid or adsorbed onto sol particles. However, as lead is removed from solution, desorption of
lead may occur - maintaining an elevated lead concentration in solution. Surface runoff, which can
transport sol particles containing adsorbed lead, facilitates migration and subsequent desorption from
contaminated sots. On the other hand, groundwater (typically low in suspended solids and teachable
lead salts) does not normaty create a major pathway for lead migration. Lead compounds are soluble
only at low pHa. For example, at a pH of 8 or less, the value of dissolved lead could be above the
proposed drtnUng water standard of 15 *g/L (Figure A-4). if battery breaking activities have occurred
on-site, and the battery add was disposed on-site. elevated concentrations of lead and other metals may
have migrated to groundwater.
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•ABLE *-3. SOME »«'SICOCMEHICAL PROPERTIES CF SE-EC'cD .EAD CCHPOLNDS

Cancound

Lead
Lead dioxide
Lead caroonate
Lead hydro-
cerrusita
Lead hydroxide
Lead sulfide
Lead oxide
Lead sulfate
Tetramethyl lead
Tetraethyl lead

a Tenfieraturt not
NA Not available

Formula

Pb
PbO,
PtaCO,
Pb,(CO,)j(OH)j

(>b<OH)2
PbS
PbO
PbS04
<CH,)4Pb
(Ĉ Pb

available.

Molecular
aeignt
O/mole)

207.20
239.19
267.20
775.60

241.20
239.25
223.20
303.26
267.35
323. U

Water solubi lity

Insoluble
Insoluble
1.1 mg/l a 20°C
Insoluble

155 mg/l a 20°C
0.9 mg/l a 18°C
17 mg/l a 20°C
41 mg/l a 20°C
15 mg/l*
0.8 mg/l a 20°C

• aoor
pressure
(im Mg)

1.3 (980°:)
MA
MA
MA

MA
NA
MA
MA

22.5 a 20°C
0.15 a 20°C

Arsenic (As)

Arsenic is used as a grid hardening agent in lead batteries. Its concentration ranges between 1 •
6 mg/L in battery acid. Pour oxidation states (-3, 0, +3, and +5) are possible for arsenic in the natural
environment. The +3 and +5 states are most commonly found in aqueous solutions. The +5 state is
the most stable and dominant The environmental behavior of arsenic is largely determined by pH and
the oxidation-reduction (i.e., redox) potential of the system. Adsorption of +3 state in soils increases
with rising pH over the range of 3 to 9. Arsenic is strongly adsorbed to sol and sediments. Arsenic
mobility in an aquatic system wiN be controlled by sediment movement In subsurface soils and

groundwater, arsenic will be relatively Immobie with the As(V) species less mobile than the As(lll)
species.

Antimony (Sb>

Antimony also a grid hardening agent used in lead batteries. Its concentration ranges between
20-1 75 mg/L In battery add. Significant concentrations of antimony are present in the wastewater from
the secondary toad plants. The +3 and +5 states are most commonly found in nature. Antimony
undergoes deep hydrolysis In dlute solutions. Over a hundred antimony-containing mineral ores exist in
nature. The most Important mineral is sttontte
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Cadmium iCd)

Cadmium was used in the past as a grid hardening agent in lead batteries. Its concentration
ranges between 5-20 mg/L In aqueous solutions, cadmium exists only in the + 2 state. Cadmium is
adsorbed by soils and sediments containing aluminum, iron, and manganese oxides. Cadmium mobility
in aquatic systems will be controlled by sediment movement. In subsurface soil and groundwater,

cadmium will be relatively immobile.
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APPENDIX B

BACKGROUND INFORMATION ON

SUPERFUND LEAD BATTERY RECYCLING SITES

B.I IDENTIFICATION AND CLASSIFICATION OF LEAD BATTERY SITES

During the course of this project. 44 CERCLA lead battery Superfund sites were identified. Table
8-1 provides a brief summary of the sites, including a contact point, where available. These lead battery
sites consisted of two main groups: lead battery recycling sites and non-recyding sites.

1. Lead battery recycling sites - Twenty-nine (29) lead battery recycling sites were iden-
tified. A lead battery recycling site is defined in this report as a location where battery
breaking, secondary lead smelting, or lead refining operations have been conducted.
The lead battery recycling sites can be further classified into two sub-groups:

(a) Battery breaker sites (20 identified), where operations consisted principally of
battery breaking, with the recovered lead being taken off-site for further process-
ing; and.

(b) Integrated battery breaking/smelting/refining sites (9 identified).

Of these 29 toad battery recycling sites. 22 are on the Eighth Update to the National
Priority List (NPl) and have been or wW be subjected to the Remedial Investigation/
FeasfeWy Study process. Some of these 22 sites on the NPL have also been the
subject of removal actions. The other 7 lead battery recycling sites are those where

• onry removal actions are underway or completed.

Of the 22 toad battery recycling sites on the NPL. 10 have completed RODs; 8 erf those
RODs were reviewed in preparation of thb report flemedieJ Investigation and Feasibility
Study reports were obtained for 8 of these sites. Additional documents on several of
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IMU § I. SUNNUI Of CEICLA UAO »AIIt«T SlliS MO NlHtDIAl AlUKNAIIvtS PtUfUUO (V/VU)

fit* naae/lecatlon/ata<a/
•PI IM/CPA iM/palnt af

contact (POC) legion Sit* description Ihiesl/probleei

8

MM london Cub Marina MM.
MM tendon. CI
HPl IM: g1C102l
IT* IM>
Paul NarchaaaauU HI-MI-i

2. M. Industries,
PadrlctlatM.

IM IM: HJDMIMU49
Nick filbert HS-M4-M1I
fuMno •••iMck fll-SM-Meo

tattcry •r«okln« Sil«,
rsvMU. M

•n IM: Olr«0t0
fM IM: MHMUUIZ
Ckrit Corbttl nt-S»r-6W6

4. CM toll try Co.. Inc.,
OmlcrlUld Comty. «A
«Pl IMi UVM17
fM IM: «MMM)7«U
foul iMMTd FIS-S97-l2a6

III

III

$>*MriM Mlltry MrvUing
f*clllty. ItoUill* eritnic

pMllcldn. PCi«.
Mltcry acid* burled

MloM the Mil*r t«tol« In Art*
A landfill.

Intctrotod battery brutinoy
lud wallimyraflnlfa]
laclllty/«n-alta ImMill
(It acraa).

••ttary braefclna faciliiy
(U atrac).

••Itary braaMna. faculty
(II acraa).

Scdiacnc and turlacc
•atcr cantaainatcd mth
a*lal> and pcttlcidi*.

Soil, •rounduoter,
•urlaca Hater
contaailnated mih
heavy avtals.

Soil, ymgn4<itfr, end
eediawM* conlaa>inatad
•Ilk Mtals includinf
lead.

Soil conlanlrwlrd Hlth
Inorganic* including
lead, antleony, and
•TMnic.

Selected rennly.* prekcfil
capital and OKI (oils..

•00 dale

not selected. Icwdiel invettlgatIon in
progres*. Monitoring ncll« Inslallad, **aplini
begin 11/90.

• 1/fS In progre**. laivJtlU capped, leachale
collect ion and treaiacnt underuay.

Peraanent relocallon of ell on k i te
residence* and the on-*ite Ujainess.
*|42.900 (pratent north). ROD lor OIK«I
unit* pending. 9/28/90.

Stabli iiat ion ol lutitMHnaliTj suil m*l
aadiaant; off alte dltpokal ol the
• lab! 1 1 led aaterlal In a **rilt*ry/
Industrial Ma*i* landfill; lesidual ium««ii»«(rO
•oil covered tilth a toil cup.
Sli.S72.000 <CHe»tm iwiih) I/JO/VO.

5. Oorney lead Landlill.
Narlitoun, PA
NPl IM:
IM IM: PAMMMMI2
POC: MI ehtarainad

III lamMill Kith sow lead
battery Mast*.

Soil and surface Meter
conlaainatad Kith MIC*,
organic*, and Inorganic*.

Off silt disposal of pundco ••in;
regradina and Installation ul auin
layer cap; runon/runoll control*; tuiiuft
and greunduatar Monitoring; access m<d deed
rattrictian*. tU. 000.000 (present uoith)
U2.000 (annual OIN). 9/2V/SB.

llalian (elected In MB* have not been iaplaaanted (9/90).
(continued)



IMIE 1-1. (continued)

(II* neae/local ten/Stale/
Wl IM/f M IM/pel* ef

coMocI (MM •egion Sit* description Ihreel/problni

Selected rcevdy,* present wurih
capital and MM cotit.

ROD date

Nebolke fcite Salvage Vert. Ill
Uoleenburg TeMmkI*. M .
•M IMi
IM IMl rMMMCTUt
Iran turns m-Sr7-4.no

7. Jacks Craek/Sitkm SealIIng III
•nd OellAtfW. Hainan*, M
M. IMt OMU1
EM IMt MMM1MN
Certk Comer HS-SW-MJ*

He iwik yard «ith
Intermittent period! el
activity Involving aalvaga
oparatlana (20 acrea).

Saeltlna/retlnlnf <«
and alnlna operation.

ility

Soil and debris
(battery eating^)
conicalrated uitk
act els including lead.

Soil conlamruled Kith
•Cla. Mirfaca «ater
contaalnaled ititk lead
andfUs.

Excavation and on-site tuiaiion of
loll followed by off sue dispokal;
eu* vat I on and recycling of battery
CMlnta; aoil backfilling aid
vagaiatlon. Se.On.«M-«.Mt.AW
(praaant uorck). (0 (OIM>. 1/11/09.

fre-ll activitiek in progress.

8

•. Lancaster gallery,
lancaalar. M
Ml IfMt
CM IMl rwOOMOUv*
POC: Mat datajvinad

*. (aner'a landfill. M
MM IM:
EM IMl P*MeOU«2«t
Vie jMMlk rlf-M7-WM

10. lonolll Corp.. MtojuefMining, P*
Wt IM: OIPA1U
EM IMl MMnallM)

i HtCartnty fit-Mr1-1101

fora»r racycler of lead
batteries Iras auloaoblles
and trucks.

Ill Unlined eunicipal dupp tkat
contained soa* baliary caaes.

Ill Integrated battery breaker/
saelter/reflner (10 acres).

Soil. groundMiilrr. and
surface Hater conlaBinated
Milk a»tals including lead,
arsenic, cadaius. utt
copper.

None.

Soil and msie piles
contaajiMted uitk
•elals including lead,
arsenic, cadeiua, and

leauval action - about 1>OO inns uf
conlaeinaled »oll excavated and dupok
off-sile dlaposal facilities.

Ho action. Crounkialer rc«iru due
•Ithin five years. 1/1U/A9.

• 1/fS in progress, ftnaovel aclloit^ i
draining and treating conlaMinaled lagoon

geejadiatlon selected In MBs nave net been iapleeented (9/W).
(continued)



IMI!t SI. (continued)

til* noa*/locotlon/aioM/
•W. IM/fM IM/oolM o*

conlKI (NC> Region SIK description Ihreal/prubleM

Selected reawdy,* pietrm Mi>r ih
capital and Gin coil*.

«OO dale

II. Vooruon fan*. Mppar foucan
lOHnoklo). M
•H IMs MMIO
IM IMi MMMoWl*
ilck

12. typMt «OI Croundueter
ContoBlMllon, Concord. NC
••I. IM:
fM IM:
At Coarry MS «7-/W

I). CcoWloun Mlttry, Inc.
Cotter lom. M
•M IM:
fM IM: MMMZnUI
lorry •ronnon M*-»7 191)

H. Ctdorlom Induslrtc*, Inc..
CodorloMi. M
MM IM: OMUOI7
IP* IM: fi*MMM0674
londy Ooainy IIS-nr-2641

15. Cult (at I try [>ckon«o,
Octon Spring*, us
kVL IMs
fM IM: MM6U26I9S
MC: »ol

16. Intortlal* l€Od Co.. (UCO)
lotdi. M.
1*1 IM: IKAIOH
ffA IM: «UMMI*0*lrl
Am* largrioMn MS -K1-2M

III

IV

•oiloriM du^pxl in linkhoit. Crounduaccr Mnitar*d lor
not a botiory rocycltr (41 canlooinoled Iro* ntlill
ocrto). Including l«*d and

otlory tolvot* ond Soil coniMirwtcd uilh
rotycllni loclllty (II term). load, corooiia. nickel.

ond tullal*.

•otlory broakim lociliiy.

•ottory brtakini ond
ootondory lood availing
toclllty tt ocrnl.

•altary cruohtna locillty.

lot dcleroirml.

Soil ond MdiKnts
conloBiiwiod unit
load.

Soil. MirlK* M«ter.
ond oraundMiter
comaoJnatcd uith le*d.

•otlary BrookinayMcondory Grounduattr «nd tcdiocnis
load to»llln( facility. conla»i«ol*d wiili lead.
On-»ila ond ofl-ilta ditposal
of Uad boorlm nonet.

No action. Continued yruuidwater
oonltortna. 12i.OIO (pi«ent w>nl<)
«*.a«0 (annual OiNl. 6/10/88.

• I/IS in pruo.re*h. Al teiiMi iv<» uivier
conolderation: no action, cappliia. inntu
•olldif leaf Ion on-dta treatoent and
ditpatal, o f f -s i te treatacm anddi>pu>al.

Menuval actiun • cixiliutl (ui koliditi
cation of II.DUO y' ol IcaJ coniaoimieil
aoll a«ardad. iaptmenlal ioci planned tor
late 1990 and early mi.

Mot determined.

•eauval action (198) 84) oil me dupoial
of canlooinalad lollt and acid. On (lie con
•olldatlon and capping ol iolU.

Installation of clay cap over tua* areak
completed under partiel Lonsenl decree,
faatlbllity ttuoy yet lo be completed.

• laoedialion (elected In »OO» have not been laploBtntad (9/90).
(continued)



1*111 I-1. (continued)

Slit name/local ion/slate/
•PI IM/EM IM/malM •*

contact INC) legion Sue description Ihreal/prublem

Selected remedy.* present woi ih
cepitel end Otn coils,

MB date

8

17. (aasauf-Kimerllraj lattery.
leap*, fl
•H. IMi
fM Wf:
Dave ttkalt f U-2S7-2M1

U. Palmetto lecycl ing. Inc.
CalumMa. K
•M IMi MSC02S
£•» IM: SCM01I622U
Al Crnarry HI-257-7JVI

IV. Sapp lottery Salvage,
Cettonttsle. ft
•ft IMs OtUOtO
CM IM: flMM*a2M2
Marlka terry IIS-2W-264J

20. Sckuylkill HetaU Corp..
•Iant City. II
•M IMi 0411019
fM IMi flM»U79MMl
larbara Dick IU-257-2MJ

tlill ukere a*pty lead-acid Soil, debris, and grotnd-
ix.ttry caslna)* Mere depot It ed Hater cwtteaiinated Milk
Cl acre). wtalt including

arianic, cadjiiui, and
lead.

Oattery breaking facility
(2 acre*).

lattery breaking facility,
[•tenttve envlranamlal

ta cyprett luaap
acres).

lattery breaking I acidly.
Nartfe contaainaled due la
opera!ion*.
117 acres).

Soil and sediawnis
conteeiinated Milk actals
Including lead, cedaiuc,
and ckroniu*.

Crouiidwater, surface
Mater, and tfdieients
contaminated Milk Metals.

Soil and sediecnt con-
laainated Milk lead.
groundMater. and surface
Malar contaminated Milk
lead. ckroBiiai. ant
nickel.

MO I, landfill. J/J1/8V t«cevallunof lafdlill
Maste* and underlying aoil lolloping by tolidifl
catlon/cKeaical filiation and dltposil In on-slle
landfill. t2.iOO.OOO J.iOO.UOO. 1/IU/90.

•at 2, Haisk, 1/50/90 - [«c»aiiu<> ««J ut.c.«i,i i
solidification of contaminated maoh Kdimenis,
sediment beyond 20 It from landfill and IM) It in
drainage canal to be left in place.

(•cevallon, sol idifl ic«l loit/f m«t tun. aiKJ
on-slte disposal of solidiflMt sail ond
sediments; •raundMaler puap and treatment.
surface ualer treatment and di&chaige; and
assessment of potential institutional control*
*U,III.SU (capital), S2S.61) (araiusl OM)
9/26/0*.

C«cavalion of pioccss area &oil; sepaiation
of soil and debris by screening; treatment
of the sails by ckemical final (on; crushing
and Masking of debris for recycling; treat-
ment of surface Mater and groundnalei by ion M-tiitut
filtration. Harsk reacdiation Mill mv..i .. ,,*.-,iiim
cat controls. I.e.. fencing and menu < < ~cil
marsk and flood control gates to proviuc i i i .i.ieU
surlsce water Inundation resulting in anaeroon.
sedlmenia and monitoring for Ihe e»i' marsh.

dial ion selected in MOs have not been implemented (9/90).
(cent inued)



1AIIE 1 1. (continued)

Sit* naae/locatlan/aiMe/
•PI IM/fPA IM/palM a*

contact (POC) legion Silt description Ihreat/prublc

Selected reawdy,* present wui th
capital enj DIM ioil;,,

HOD dale

21. Scott'• CrMk. urn tarn, NC
•Pi IM:
IP* IM:
NC: dot deloralfttd

22. ArcanuB Iron and Natal f lla.
Dark* County. OH
•Pt IMs MOMU
fP* IM: MM1IM6171
Anil* tnia«»n HS-Ma 6*O

23. N. from Co.. Inc.
Brand Rapid*. HI
•Pi IMi OMI1M
EPA IM: HIMinniU
lieulky Prendlvllle MS 600 ili2

24. HI Industries/laracorp lead
Satltor, tranltt City. II
•Pi IM: OSIlO»
iP* IM: UMMntttt
•rad Iradlay ns-aM-«742

K. M Induttrits/laracai-p/Coldtn Auto
Parta. St. iouit Park. DM
•PI lOt:
IP* IM:
POC: aol determined

Old battarim located on-tne.

lattery breaking facility
(4.1 acrat).

•atlary breaking lacilily.
porliant ai facility alto
uaad aa a dwp (4 acrei).

Integrated battery breaking
and aecondary laad Melting
facility <2i acrnl.

Inlegralad battery breaking
and aecondary load ueltlng
facility.

Soil, groundnatcr. and
aurfaca water conteainated
with lead.

•eauvai action - about 4Vti y of lead coniMin*ico
fill and batteiy catinyi e«cev«ied anj de|iotiiM
ofl - t i te .

CrounJwaler. surface water. Excavation enU off s i t e di*poh»l of boll
•oil. and tedmentt wtlk >)00 aig/kg lead; excavation anU on-
contaaiinated with inorganici. alia dlapotal of >oll with lead between
Including lead, antiauny. background and SOO ag/tg; leeoval of
and arsenic. battery eatings; conkjct tieatabiliiy siuUio m»i

on tile landfill ing; and deed rettr icl loiwj on IwtJ
and aojuifer usage. tv.9?v,000 (capital), tir.uoo
(annual OM). 9llt>/t&.

lead conteaifMit ion in
air. surface water.
aedieanu, »na
groundwatcr.

Soil Lonidnniuited with lead.

•I in

(uayatlon of mil4 trun icsldriili>l mini
coBMtrclal areas. cun*ol idet Ion In on-kitc
pile, followed by aultl aedla t>cving. 9/at,

Ho fection. Continue*! gi oumJwAtcr

dial ion selected In MOs have not been lapleawned (9/VO).
(continued)



lAelE it. (continued)

Site
•Ft IMAM IM/WM •«

contact (MC» teflon Site description Ihreal/problmi

Selected remedy,* present worth
capital end OW costs.

MO date

2*. •reelallie tottery •IvUlen.
Vinclww*. Ill
•H IMl
CM IMl
te» Unco m-M»-*7*}

27. leee* NttoU/le* IM frop..
HkMvilU. IN (atM kn«Mi M
lM>* feral
•H IMt
EM IMt
Stwwn farVM H*-M1-»JS1

21. «*MI» ItoUli/rimnU Hetelt.
••IdHin. HI
•H IM:
EM IM: UIDOZIU»92
Sleven fwyin flf-»J-»Jil

29. Scrap *rwt»in« Co., Inc..
Mford. Ml
•M IM: OMMOM
EM IMt UUMMU7K
•111 iiM««wtr nt-nt \nr

JO. Union Urtp Iron Md Hetel
C*.. HlmMpelU. MM
•M. IM: Kimnt
EM IM: MM22K9192
Jia MHdarklwt H*-»J 9J09

foroer battery ••nutaclurlnt Soil coniMiineted Kith le»d. Hot determined,
tile (1.4 acrnt.

•bandoiwd flane o^jarry uaad to Soilt and
dltpaa* al tallery catinaa contaaiinaied »ilk lead.
(I.S atra»|.

turned battery top* to recover Sail caniMinaird uiih

. ChCMlcal llxatlun at the le«d ctmtwiirMled
Haale utino. the keiional fICS cantraciar'a
proprietary troataant proc«a, and cappini
treated aalerial on (itc. kanoval action in
proareK. 11/90.

Auto talvaaa operation that
Included battery breakint
(acllity <2 acret).

Autaaobila battery breaking
aperaliona (1 acre).

Acidic, lead-bearing soil
In pond, potential threat
to (rowMkiater.

Hot determined.

Mo action. 1/30/90.

tewdiatlon (elected in MOa kave net been iBplenenied (9/90).
(centinuedt



IASIE • I. (continued)

SIM na**/local l*A/glMt/
•fl IM/fM IM/palM a«

contact <MC) legion Sue deter Ipl ion Ihreat/probI***

St. United Scrap lead Co., Inc.
Iroy. Of
•H IM: HOBOM
IM IM: OMUW29M
tall* Inaaan HS-M.-4KI

lattery breaking facility
<» acre*).

Soil end sediments
contaminated «ith
arsenic and lead.

12. Cat Ueal Metals, leautar, KM
MH IM: MaMOIII
CM IM: IMMNMUn
Honua Chapa 2U-*M-tno
Carlo* Sanckai Ht-KS-6/10

U. Michael C*.. (Settcndorf)
••llandorl. U
••I IM:
IM IM: IMM21691IU
wuiiaa »M> nt-ztt-im
lay Crotaland flS-nr-Mtl

M. Nurriaia Ckriitian School.
Murrlala, M
(•H IM:
f»* Mi: CW9024IK409
trad Iklplay llf-Mt-1026

Procefttad autoanbile b«lt«ries
ta racovcr lead.

foracr bailary atanufacturina
an*; recycling facility, there
arc Ibraa a*h*r tlailar diet
cantaainataoj by the *aa*
caapany (eacn <l acre).

Defunct battery aianu lac luring
tlta an uklck a «a»U prlvata
tchaol vae built.

Soil. 91 ouiKJMMier, fcur
water, and *edie*nlt
contaatnatrd with lead.

Soil end Su conlwii
ruled mth lead.

Soil, surface water.
•rounduaier contaainatd
•ilh lead.

Selected remedy,* pf event woi th
capital and OtM 101li.

HOD <late

Ciicavallon and treetovm ul belter y ceslngk
and conieaiinaled soil by veshirig, mth lead
recovery and oH file dl>pt»al or recycling
of casing*, and replacement of residual soilk
on site; eatavation and drMetei tng of tediaent*
on lilt and disposal uilh soil; construction of
a soil cover, and revegelat ion; deconla*lnal ion
at contaminated buitdings and debris uilh oil
sue disposal; installation of a i«» resijentiii
well; deed restrictions; drainage control; arid
Gromdualer and surface water aonitorlng.
(26,921.000 (present uoilh). tM.m (ennu«l otMi
9/SO/M.

ace «l in

Reaoval action CKcevelioii ot »oll >1,UOU i^jn
and ofl-alle dispusal. luildiny interiors deion
taaiinated via sueep!ng/vacuua!ng/sleaerclc«ni»ii

Iteanval action •- cor^ollOdte contMhiniilirJ koiU.
add ̂ Ick M*e. acfily a graded. 4~lnch *ggteg«le
base covered by a 5-Inch asphalt cap.

• (aaadialion selected in «OOs have not bean iapleaHntad (9/90).
(continued)



IMlt 6-1. (continued)

Sit* naM/locattaaVMate/
Nfl IM/fM IM/pMM •*

contact <MCI legion Site description Uireat/prublcw

Selected reaedy,* present worth
capital and 04M cost*.

goo date

IS. Hare* Sit*. Hare*. CA
•M IMi
tM IM: CAOM2646M7
6lckar4 Itartyft M»-7U-19U

14. Alula tottery Enterprises.
falrtMjntl. 61
•M. IM< MM602
IM IM: MMMM421S

17. AlMka Nutky tollery. Inc..
A«hof»«e. AC
MH IMt
IM IM: A(M092*«497
MC: Kot elileratned

U. Arctic Surplus. MirlMnfcs, At
UK IM: IOMOM
EM IM:
NC: Not deterairwd

A loraer bettery breaking
twiltty (16 ecre«>.

Not determined.

gallery sales, recycling and Soil and grot*iduater
battery parti caatlng opera- contaainated uitk teed.
IIens ner* conducted on-ill*
(<l acre).

Croundualrr ciolaai
HIth lead aid PCii.

tellery broking facility.

Salvage operations including Soil and
battery breaking (22 acres). contadinaled with lead.

tine, PCIl. chI ordene.
phenanlkrene, and
pyrene.

•eenval action -- cr«*iil b«scd fcol tdl tlc*t ion
to treat appromiiately 6.000 tunt ol loll.
1C!* after 28 days <1 a«/l; AIS 14.1 grcelcr
Ikan leack Indn ol W; wtonflimj cuasire»ive
strength »bOO psi.

•eanval action - encavitimi ol lead Lonlwlim
(oil above 1,000 eg/kg and ditputel in a ICIA
landllll. Site listed on NfL.

leaovel KIIOII «n* umiutely I.S8U y' at
and lead-contaatinated soil were excavated MI
sent lor disposal oH site.

EfA-lnltlalrd icMjoel MIIIXI in ii-jil. IVBV:
fencing Ik* site, reauving Zt.OM Ibi at
asbestos, ilabllliing appro*laalely ft gel
•f cklordenc. collecting grounduater anaplr^
and better dellning Haste stream on site.
Site listed on M>1.

taediatlon selected in MO* have not been iapleoented (V/90).
(continued)
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lAIlt I 4iom inued)

Sit* naav/locallan/alata/
•ft IM/CM IM/fMlM a*
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these sites (e.g., On-Scene Coordinator Reports. RI/FS Work Plans, ana tecnn.cai

papers) were also studied.

2. Lead battery, non-recycling sites - Fifteen of the 44 lead battery Superfund sites had
substantial battery-related contamination. At these sites, non-recycling operations
included battery acid disposal: auto salvage operations where batteries accumulated:
battery disposal (In many cases mixed with other non-battery wastes); and battery
manufacturing. Information on these sites was considered valuable for this report if (a)
portions of the contamination at the site were distinctly battery-related (that is. not mixed
together with a lot of non-battery wastes), and (b) a treatment was underway or
completed on the battery- related wastes.

8.2 SUMMARY DESCRIPTION OF CERCLA LEAD BATTERY RECYCLING SITES

i. Physical Description - As can be seen in Appendix A from the descriptions of the
battery breaking, smelting, and refining processes, numerous types of operations can
occur at these sites. SlmHar operations may be executed with a range of procedures.
Nonetheless, some useful generalizations about these sites are possible.

Battery breaking operations - These enterprises are often small businesses with limited
environmental control programs. Battery breaking operations may have been conducted
at various places on the site. Disposal of the residuals from the battery breaking
operations tends to be haphazard. For instance, spent battery acid may or may not
have been treated prior to discharge to a swamp, ditch, pit, or lagoon. Battery casing
fragments, battery sludge, and metallic lead chips (separate or mixed) may be placed in
pies, buried, mixed wth asphalt for use on site roads, or sent off-site for re-use. In a
few cases, battery tope were burned in order to remove the casing material and permit
recovery of the metaWc lead. Battery breaking operations are not necessarily small;
50,000 batteries per week were reportedly processed at one site (Sapp Battery). Also,
materials other than batteries were processed at some of these sites, adding non-
battery-related contamination.

These operations involved processes not
only for battery breaking and component segregation, but also for add handling and
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treatment, smelting, refining, air and water pollution control, and in some instances.

battery case recycling and battery manufacturing. These facilities are generally owned
by large companies with several plants. These companies may have considerable
experience with remedial investigations and feasibility studies concerning lead battery
sites, either as an owner or PRP. The contamination at these integrated facilities is
present in spent acid, metallic lead, lead compounds, and lead-contaminated battery
casings. Acid treatment, mechanized battery breaking, component segregation, sizing,
and washing are more common at these sites than at battery breaker sites. The inte-
grated battery breaking/smelting/refining sites also generated lead smelting and refining
wastes (e.g.. lead slag, dross, matte, speiss, dusts, stack emissions, wastewater, and
residuals from air and water pollution control). The smelters typically use a landfill or
slag pile dose to the operation. Wastes from some smelters have been sent off-site (for
such uses as alley surfacing, fyi material, recycling) or for disposal. Also, some of the
reagents (e.g., arsenic, cadmium, and antimony) used in the smelting, refining, and
alloying processes - although used in much small quantities than lead - are hazardous.
They require attention regarding worker safety, site characterization, and if necessary,
remedial action. The number and type of biddings, structures, and equipment that
require investigation, demolition, or disposal at an integrated battery breaker/smelter/
refiner operation is typically greater than for a simple battery breaker site. Plastics
reprocessing and battery manufacturing residuals may also be present at integrated
battery brsaker/smelting/reflning site*. There are only a few former plastics reproces-
sing and battery manufacturing sites that are currently on the NPL These sites have not
had RIs or FSs completed to date, so plastics recycling and battery manufacturing
operations are not addressed in this document

obtained on lead battery recycling sites snows that RPMs are typically confronted with
metaJHc lead and lead compounds as the principal contaminants of concern. The
metaMc lead occurs In a variety of alloys and physical forms, (e.g.. plates, chips.
powders, dusts, bound to battery casing scraps, or incorporated in slag). The lead
compounds from scrap batteries include lesd sutfate and lead oxides. Other lead
compounds (e.g.. PbCO» Pb(OH) J may be formed In treatment processes that neutral-
ize battery add. Sti other lead compounds may be formed via reactions with the soil.
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Other metals (e.g., cadmium, copper, arsenic, antimony, and selenium) are often c'sse^-t

at lead banery recycling sites, but usually in much lower concentrations than lead -
often below hazardous concentrations. Also, sutfuric acid from batteries may remain in
liquid form in pits, ponds, lagoons, storage tanks, or treatment vessels. The acid may
also have contaminated the soil, elevated sulfate levels, and depressed pH. Of course.
non-battery recycling operations at these sites, have introduced other contaminants.

Asbestos insulation may also be present on piping and equipment at smelting and
refining sites.

3. Contamination Soty*** *t Defunct Lead Battery RecvcUno Sites —There are five sources
of environmental and health risks from defunct lead battery recycling sites:

o Soil - Lead-contaminant concentrations are common to lead banery recycling
sites. TCLP values exceeding 5 mg/L are typically found in soil samples from
these sites, indicating that the soil is a RCRA hazardous waste. Lead in soil is
rather immobfte. At several sites the lead contamination in the sol does not
exceed a depth of a few centimeters. There are, however, exceptions to lead's
limited moMKy in soi. These exceptions appear to be caused by: (1) excava-
tion and burial of lead-contaminated wastes (e.g., scrap battery parts), or (2) a
combination of very permeable son, geological conditions coupled with the
soiubMlzIng effects of low pH (caused by the presence of large amounts of bat-
tery add), and/or a high water table. Acid rain could also depress pH, but was
not cited as a major contributor to increased lead mobility in soil at the NPL
sites investigated.

Sol can be contaminated by a variety of direct and Indirect processes during
battery breaking operations. Initially battery breaking was conducted in such a
manner that the battery add. the soluble lead in the acid, the lead sulfate
sludge, metallic lead (chips, plates, dust), spongy lead, and lead dioxide were
intentionally or inadvertently placed on the surface of the sol. Leaching and
runoff from surface contamination and waste pies expanded the volume of the

117



contaminated soil. Burial of battery recycling wastes depressed tne pr-t. :herecy

increasing the solubility of lead in soil water. The presence of untreated battery
acid and of acid rain are potential accelerators of the mobility of lead in soil

During secondary lead smelter operations, stack emissions and lead dusts have
spread soil contamination. At some active lead smelters, dust sweepings have
such high lead content (NIOSH, 1982) that they are fed back into the smelting
furnaces for lead recovery.

Sols are commonly a source of health and environmental concern at lead
battery recycling sites due to the many pathways of contamination: leaching
from the soi Into wells on or dose to the site, runoff that traverses surface soil
and subsequently contaminates surface water and sediments, and airborne dust
that may be ingested or inhaled.

Groundwater - The inorganic lead compounds associated with lead battery
recycling have low aqueous solublity. However, the Maximum Contaminant
Level for total lead In drinking water is currentty 15 ppb - only a small amount
of lead can make the groundwater unacceptable as a drinking water source.
Furthermore, reducing the pH wi substantially increase the aqueous solubility of
lead. One source (Watts. 1984) indicates that the solubility of lead at a pH of 4
could increase to 10.000 ppm. Therefore, if the sutfuric acid in the recycled
batteries was not collected or neutralized, its discharge could elevate levels of
soluble lead in the groundwater.

Plea - The pies found at a site may be broken into four general types:

(1) Battery casing scrap piles - These plea consist of battery casing
fragments (hard rubber, ebonite, or polypropylene) with lead sulfate
imbedded in cracked casing material; internal battery components (e.g.,
poryvlnvl chloride, paper); residual lead sulfate sludge; lead dioxide:
sulfuric add; metallic lead particles; and scrap. Additional processing
(cleaning, sizing, separation) may have processed the material further
for on-site or off-site use for plastic recydlng or fuel. Lead content of
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battery scrap piles ranges from 1% to 30% total lead. Lead n ~Z'^?

leachate frequently exceeds 5 mg/L Battery casing piles can ce
hazardous by virtue of their lead and lead compounds contents:

leaching into and through the soil to groundwater or surface
water (and subsequently to drinking water);

moving to receptors via surface runoff, then to surface waters or
sediments, thereby affecting drinking water or ambient water
quality, and also contaminating sediments;
migrating from the site as airborne dust; or
directly contacting humans or animals in the food chain.

Although it has not been raised as a concern in the RI/FS, a pile of
battery chips could bum, emitting lead and other contaminants to the
air.

(2) Smelter/refiner waste piles - Although a fair amount of recycling of
process by-products occurs In smelting and refining operations, various
non-recyclable wastes are generated. These wastes are considered
non- recyclable for technical, environmental, health, or economic rea-
sons. They may include slag (principally sllcates produced during the
smelting process), matte (a metallic suiflde containing iron and lead
produced during the smelting process), speiss (a mixture of metallic
arsenides produced during the smelting process), dross (the scum that
forms on the surface of molten metals because of oxidation or the rising
impurities to the surface), air and water pollution control sludges, other
residuals, and miscellaneous debris. Some of these materials may have
been recycled during operations at one site, but not at another. Waste
plee may also include battery debris, if some or all of the casings have
not been recycled. In addition, other operations conducted at the site
or tandfil could have received wastes from other sites or non-battery
lead scrap. These wastes are possible sources of non-battery contami-
nants.
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Laad content in waste piles can be substantial. Far examcie eaa
content in samples from one pile ranged from 1% to 28%. Contamina-

tion emanating from these smelter/refiner waste piles has been man-
aged with a range of care and success at various sites.

Smelter/refiner waste piles are hazardous because lead, lead com-
pounds and other contaminants could be transported to receptors via
leaching to groundwater, runoff, airborne dust, and direct contact.

(3) Commonly re-used smelter/refiner by-product piles - Depending upon
the operation at a particular site, pies of slag, dross, speiss. matte, and
pollution control sludges may have been set aside for recycling back
into these or other processes. The materials may have potential value
to another smelter/refiner.

These by-product piles pose the same types of health and environmen-
tal threats as for the smelter/refiner waste piles described in (2). De-
pending on the site, some routes of migration may have been blocked,
for example by a concrete pad covering, or runoff channelling to an
on-stte treatment facility. Also, these piles would typically be smaller
than the waste piles.

(4) Raw materials - There may be whole spent batteries, scrap lead, coke,
scrap Iron, and other smelting and refining agents present on-site.
Hazardous constituents from the raw materials could potentially be
transported to receptors via leaching, surface runoff, airborne dust and
direct contact

Structures, biddings, and equipment - A variety of contaminated structures,
biddings, and equipment which may be encountered at lead battery recycling
sites, wM require characterization. Once surface contaminant types and levels
am identified, a determination must be made: whether no action, decontamina-
tion, re-use, or demolition/disposal Is/are necessary, feasible, and appropriate.
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Residences on and near several sites nave required characterization of con-
taminant levels.

The following types of structures and equipment have existed near process
buildings:

shipping and receiving areas: battery breakers; acid collection sumps;
battery component segregation, sizing, and cleaning machinery (e.g.,
conveyors, screens, cydone separators, flotation separators, washing
apparatus, and associated piping, tanks, etc.);
kiln feedstock preparation areas; kins (blast reverberatory, or rotary);
sweater furnaces; agglomeration furnaces; refining kettles; and associat-
ed exhaust stacks and piping, some of which may be asbestos- coated;
air and water pollution control equipment and associated piping, tanks
(perhaps containing corrosive and toxic wastewater), and mixers;
storage bins (covered and uncovered, with and without floors) for
batteries, battery scrap, slag, dross, and other process raw materials,
by-products or waste;
plastics washing and recycling equipment;
above or below ground fuel tanks;
sewer and wastewater lines

Process structures, buildings, and equipment have been considered hazardous
because lead, lead compounds, refining agent dusts (e.g. arsenic, a carcino-
gen), and other contaminants could be transported to receptors via contaminat-
ed surface runoff, airborne dust and direct contact Recognition, evaluation,
and control of risks posed by airborne dust and direct contact are particularly
relevant for the protection of workers involved in site Investigations, sampling.
decontamination, or demolition operations.

Pita, ponds, lagoons, and surface water - These locations may contain corro-
sive and otherwise contaminated waters and sludges. If urtined or poorly lined,
they can act as a source of contamination to underlying sol and groundwater.
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>f precipitation exceeds evaporation, water contaminated by ccrrosr.e. sciuc^e

and suspended solids may overflow boundaries and migrate. A similar situation
could occur if an impoundment wall fails.
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APPENDIX C

LAND DISPOSAL RESTRICTIONS FOR THIRD THIRD
SCHEDULE WASTES; RULE
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June 1. 1990

Part II

Environmental
Protection Agency
40 CFR Part 148 tt al.
Land Disposal Restrictions for Third
Third Scheduled Wastes; Rule
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iorm»

Ciugmum foul) 032

f. Lend
nooe—EP ionic (or Uiad.
mo— I itrntlhyt Itau.
Ulll L*ld iccilM.
-US—U:id pr.ulprult.
UHO—L**u tutMCiUK.
k-OO*—Kmmion control dust/sludge from

secondary lead URirlunt.
K100—W«su teaching sohiiuMi from Kill

Imcmni of muwioa control du*t/»Uid««
from secondary (owl wiMluat.

(I) DOW Watte* The Agency, w one
alternative. progaead treatment
standard* bests* the characteristic
level* for noawaetewaisn and
wustewatera eeftSt etg/l TCLP and 0.04
mg/l. respectively. The Agency eleo
proposed w option of capping tht
treitmtnt tuodanlt for OOM •! lh»
characttriitic lev«L Additional dau and
commenu war* rtctived that indicated
(hut the propoMd levola of 0.51 mg/l
TCLP knd 0.04 mg/l were uaachievaUn

for many D008 wane] on < reu'.:ni
basia. Alter detailed anaiyi i) of ir>.c
available aaia. EPA conciuuel tha t
ireatment to 50 m?/! EPbcst representj
tlie achievable trcjimem stjndura far
tne enure spectrum of 0008
nonwastewaters. In addition. EPA n
establishing me treatment iiartdard for
wasiewmeri at the characterise level
for the reasons stated in section HID of
'he preamble.

(a) Nonwastewaters. The Agency
proposed a cut-nil" concentration of 2.S*«
total lead ai a meant of distinguishing
between those essentially inorganic
nonwastewaters contoinmq recyclable
levels of lead and those wn:c!i cjn be
effectively stabilised. Consequently, the
Agency proposed two treatabiiity
groups for lead based on the 2.5'. culoff
as the Low and High Lead Subcaiegory.
The Agency solicited comment* on the
use of the cutoff level and whether the
2.57> total tead gives in accurate
description of lead that can be recycled
from 0000 nonwaatewaten. Many
commenters requested that the Agency
not promulgate the cutoff level. In fact,
many commenicrs suggested that it is
not economically feasible to recycle
lead from wastes with less than 25%
lead. Many commenters (mlcudmg those
from secondary lead industry itself) also
staled that lead concentrations are not
tlie sole measure of rccyclability. The
commenters presented data that
indicates that 0008 nonwasiawaters
with greater than 2.S% total lead can
often be stabilized. Therefore, the
Agency hus decided nut to promulgate
the cutoff levels and has decided not to
adopt proposed high and low lead
trealubilily groups far D008
nonwastewaters and instead lo
promulgate gcnencully applicable
treatment sundurd*.

In addition, the Agency proposed and
solicited comments on three options for
the development of treatment standards
for D009 nonwastewaters. The first
option was to develop a numerical
treatment standard for those 0008
nonwHstewaters that can ue stabilized.
Consequently, the Agency proposed a
numerical treatment standard of O.SI
inn/1 for lenchuble leaAias*^ on a
transfer of the performance of
stabilization for F008 waste*. The
second option was to specify Thermal
Recovery aa a method of treatment a*
the treatment standard for U008
nonwaatewalcrs where tliO lead could
be recovered. The third option was to
limit the treatment standard for D008
noawaslewaters lo the characteristic
level

During the comment period, the
Aguncy received OUUH nonwusiewater

Jjta from various sourcev Me*: .;: •-»
da t a came from staOaiz.n; spec.:.; Jtuj
nonwastewaters. Some of ne QJU w v n <
from the foundry industry, secondary
lead smelters, the glass industry. ar.J
commercial ueaters of DOOd
nonwastewatcrs. The maioruy of the
cjta received by the Agency aid not
have the proper QA/QC. corresponuiri;
influent and effluent Oaia. and design
and operating parameters, so me
Agency is hesitant to use tne dau in
covulaping treatment standards. The
Agency, nevertheless, evaluated all of
me data to assess the ranze of was'e
variability and what standard caul J
typically be achieved.

Stabilization data was lubmu'eti IT.
the foundry industries by Wheljnd
Foundry and the American FounurymL.i
The untreated lead concentration r.m-nl
up to 88 mg/l teachable using the El'
toxicity test. An analysis of the d,.-j
indicates that the performance of the
treatment system could achieve
teachable levels of lead lower man the
characteristic level. In fact, the lu;he>i
teachable concentration of lead is l 4
mg/l. Although these data showed that
the teachable concentration of lead was
below the characteristic level, the
teachable level for cadmium was higher
than the characteristic level. These data
clearly show that the other metals in the
wastes could affect the performance of
stabilization for this waste. Put another
way. this mean* (assuming proper
treatment performance) that the
performance of the treatment system
could achieve concentration levels
below the characteristic level fur lead
but levels higher than the characterise
level for cadmium.

Data was submitted by two alass
manufactures. Vision E.iao und Cit>\ •
Ccigy Corporation. Vision tasu
submitted treatment duld for
stabilization of ground glass panicles.
wastewatcr treatment sludges, ar.cl
polishing and grinding dust. The type of
Under used was hydrated lime and
sodium monopliosphate The commenter
indicated Uul the»e untreated w.isiui
contained total luad concentrations
greater than 2-5% and leached higher
than the characteristic level: however.
no actual influent concentrations were
submitted. The coramenter also ditt not
submit QA/QC data. If the Agency
calculated • treatment standard u*mi>
the slabilizud data, the standard would
be the characteristic level of 5 u niK/!
measured by the EP test.

Ciby-Coigy submitted treatment data
for waste produced in the manufacture
of glass enamels. These wastes were
produced from equipment and container
washing during the manulacturing
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r t r e n n p i t 11 r'souce » ceramic
•. i tonai . This ceramic rr.atenai leached
•-vi concentration ranging (rom 02 to
• 4 ppm as measured by the F.P test. If

» Agcncv calculated a treatment
•...-iruiard for this waste. Uie treatment
• t tmia rd wo>iid he0.89 ma/l measured

v :ne EP test. For this data set. there
.vis no untreated leachablc
concentrations of lead, therefore the
Apcncv cannot determine whether the
W.ISIP was Rnznrdoua before treatment.
The second duta set contained lead
• x i u e concentration ranging from 131 to
•" The waste was mixed with borax
,.-.(! tnen n»»ied to n maximum
••••vperaiur* of 1>JSO degrees Fahrenheit
Tin* ceramic material leached lead at
Vveis ranging from 0.2-40 ppm mcasued
hv the F.P test. Of the 11 data points that
were collected by the commcntcr. 4 of
:r.e 11 would failthe EP test. The
Accnry did not us* these data to
r.ticuiate a treatment standard.
hnwcvcr. because each used different
binder ratios. These two data sets from
c!ns* manufacturers clearly show the
iixcrsity of tlic waste and a difference
n treatable levels. In some cases

v.,i l . ;hzation can reduce teachability of
, i - i < i at. or somewhat below, the
characteristic level.

1 he Agency received data from the
'-••rnmlary l.ri»<l Smoltera Association
^i.SAI on the treatment uf slag by

.^ululization. The wastes contained total
• onccntrations of up lo 10 percent lead.1 he types of binders that were used
•••• ITC Portland ccmrnt. polvmcrs. and
slimier The cnmntenlcr subiniltcd
:t | 'prnximntely llOrlnta points from two
ciiffr.rent plants. The binder lo waate
r.-it.os rangrd from 1 to 2. to 1 to 15. In
ihe data submission, then wai no QA/
QC data and no corresponding influent
icachable lead concentration. On* data
<ei wa* bated on DM of Portland cement
as a stabilising a|Mnt with a binder to
waste ratio ranging from i lo 1 lo 1 to
'.0. The Aganc* calculated a treatment
standard of IM Mf/l waj* m**sured by
the TCLP fro** Ibaa* data. Th* other
data set wa* baaad on the use of
polymer* *nd (iUcata* a* siabilteing
aecnts with binder to wasl* ratio
rancmg from 1 to S. to 4 to 10. There
\vere approximately 94 date point*. *nd
n' these dat* points, on* was above the

^ iMC'Tunc ,c\ 01 ;'or icad The Azer. ' ,
:^rri ' r ipee a^Ta 10 ca .cu ia ip a t r ca imen i

"••jriaara of 4 8J mg( I ai mcai'jrcu oy
•-^cTCI.P.

The i lazarn ius Waste Trentmeni
C~.<\rc.:'. 'H'ATCI s ' jomiitrd ':iiini aata
•f ts for '.Re treatment of DOOH
•onwnsiewmcrs. There was no QA/QC
,>-,u influent leachaole conci ntranon oi
."id. Iho data sot wi th tne nuhest
CTncpr r r . -> ; .on nf to ta i i ca< i wus a z;nc
ammonium chionde solid from tne
manufacture oi containers. This wasic
had a total icad concentration of 49.000
ppm This waste was stabiluod to a
.cachalile level of lead runaing from 6.4?
' 087 ppm ai measured bv lh« TCLP.
Thu stabi i iz>>o -vaste represented a
volume increase ratio ranging irorn 1.8 to
2.5.

Tli" da I a net with the next h
i n t a l Icad concentration W
from an mcmerntor fly ash (mm the
.irrospace industry that contained 810
ppm of total Icad. Based on tin* da la
provided in the comments, this waste
would not he considered
' -inrartcnsiiCHily hazardous due to the
[act tha t the untreated Icarhxliie levrl
for lend is 0.0749 ppm. This wane was
treated by stabilizing with * hinder to
waste ratio ranams from 0.89 lo 2.0. The
treated teachable levels ranted from 0.1
to 27 ppm as measured by the TCLP.

The third highest data set represented
d.iia from three soils contaminated with
lend and petroleum, with concentrations
ranging from 23 to 561 ppm lotal Icad.
This waste contained total lead
ronccntration of 29 ppm. and had a
corresponding untreated teachable level
of 6 01 ppm as measured by the TCLP.
which is above the characteristic level.
Thrsc soils resulted in the best
t rea tment , with levels ranging from OlVi
to 0.237 ppm as measured by the TCLP.
This represented a volume increase
ranging frnm 1.6 to 3.4.

The UWTC provided three other data
srts representing waste generated as
vvatur filtrate and sludge from the
manufacture of conduit, as ammonium
hydroxide sludge from electroplating,
and as sump sludge from the
reconditioning of metel drums. These
wastes had total lead concentrations
ranging from 234 lo 4CO ppm. There was
no untreated TCLP data corresponding
to the total lead level*. The stabilized
waste* ranged in concentration from .00
to .10 ppm as measured by the TCLP.
The binder to wast* ratio ranged [rom
1.6 to 3.5.

Of these data, the wast* with the
highest total lead concentration show*
treatment levels barely above the
characteristic level of i ppm. These data
show that a high concentration of lead

- " o r o \ i m a i c i v 5 " ^ . GO--.'.; ' i'" -. "•'
;• ••• MIICC! "t :r.f cnaric:»r.s:.; ,ei° .

i /noyan ^nc Jata are in «r-i' 1° •- i:
.--.TO concisions are DISSTJ." Tr.cse

-. r•* ai*io snow t n a t rr.osi of ;r*r
. - . treated wastes discussed in '.r.c

H >\~TC con-npn'.s c.c r.n\ »xr . iu i t a
-•irar.ienstic before st«t>uizanon. Ai^o
'•rse oata highiicht tne uivers-.ty of LWCfl
r jr .wastewBtcrs tha t c.in oe ^r"8tca

The H'.'.TC rornnpn'.nd on aata
•s^orr.itted to EPA from :nc S^cc-naan.'
Leaa Smelters Association iSLSAI. Tr.1;
I i'.VTC concluded tnai me treatrnent
riita support concentrations of lead
below the cnaractenstic ievci . The
HWTC also staled tna t tnese o.va
support the proposed DDAT l.-cjimc.-.'.
stanuard of 0 51 me/i. or at ioa»t
achieving levels below the cnaractenstic
lovci. The HWTC points out that ("cents
sucn ns P.y ash. lime, and cuifiue wouici
provide for a higher degree of
stabilization than mst adding portiand
cement.

The A«»ncv doe* nni agree with the
IIWTC that these oata support
t reatment leveis s iani f icant iv ueiow i:ic
characteristic level. Die duta proviaeii
ny SLSA clearly show that two treated
data points of n7 were above the
cnaractenstic level. The Agency used
the data lo calculate a treatment
standard of 4.82 mg/1. very close to the
50 mg/l characteristic level. In addition,
the Agency does not agree with HWTC
that other stabilizing agents mav
provide a higher degree of stabilization.
At the least, the proposition is not self-
evident. The data provided by SLSA
show treatment by three types of
binders and a significant range of binder
to waste ratios. Using the highest binder
tn waste ratio fnr these wastes, the
treated level is higher thnn the
cnaractenstic level. (In addition, there
arc issues of whether stabilization of
slag is appropnate treatment. See
discussion of inorganic debns in
preamble section lll.A.l a.(2|.|

The Aeency does not believe that t l ic
data H received in response to the
proposed nil* represent the entire
spectrum of characteristic lead
nonwasiewaters. Also, these data do not
support the assumption that
characteristic lead nonwasiewaters can
typically be treated to levels
significantly lea* than the EP
characteristic level. The limited amount
of data does not reflect the full measure
of waste variability inherent m a
characteristic watt*, particularly
variability of matrices and lead
concentration*. In addition, the
commenters do not address how
treatability of other metal* could be
affected by optimized lead treatment,
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nat has EPA had thi lime to address this
issue. Wtih (h* cniuntnt of the Vision
Ease wane lo 5.0 n|/l it measured by
me EP and the SLSA data demonstrating
:rea:ment 10 4.82 mg/1 at measured by
tne TCLP. and data points above the
characteristic level tubmilted by the
waste treatment industry, the Agency u
adopting tor nonwastewater forms of
QOCu wastes, tne ireaunent standard
equal to 5 1) rr.i?/1 as mcusurea by me EP
procedure. The Agency is adopting this
approacn to address tne range of
variability inherent in the 0008 wastes.

.Because i facility may generate a
waste containing lead and other metals.
the TCLP (which is required for most
other metals) may be used to measure
compliance with this ulandard. EPA is
not uiumg the standard for 0006 on the
TCLP. however, because thai protocol is
more aggressive for lead than the EP.
The Agency is not sun that levels of 5.0
mg/1 as measured by the TCLP are
typically achievable. The,TCLP can be
used to demonstrate compliance.
I lowever. if the analysis uhowi that the
waste leaches below S.O mg/1 for lead as
measured by th« TCLP. then the facility
has complied with tin standard. If the
waste leaches above S.O mg/1 for lead.
then the facility may analyze the sample
using the £1* procedure. (H should be
noted, however, that if a wattle exhibits
the amended toxicity characteristic, it
must still be managed in a Subtitle C
facility even if it is not prohibited from
land disposal).

(li) Wastewaters. In the November 2i
19UU. proposed rule, the Agency
proposed a treatment standard for DOCK
waatewaters of 0.04 mg/1 based on a
transfer of the performance of
precipitation with lime and sulfide.
filtration, and settling for K002
wastewaters. In addition, the Agency
solicited comments on the approach of
specifying a precipitant as a method of
treatment for 0008 wastewalers.
Comments were solicited on whether
the Agency should develop treatment
standards based on data provided (ram
the primary and secondary lead
smelters industries as put of the
Agency s effluent limitation guidelines
program.

Many COIBBMntSBJSj OJIJOatlOfMM tilt)
Agency's technical capabiutie* of tbt
transfer of tha parfefsiaaca of the)
treatment syMeem tor JOM wastes ••
compared to MMtsweuw ater*. la
particular, thai eosMMcusm pointed out
thai tha untreated KDH waatewaiars
had low concentration of lead compared
to tbt OOOB wastes) as actually
generated. However, eommemtrs
submitted additional data indicating
thai although the O.O4 mg/1 for lead was

unachievable, precipitation and
filtration treatment couid achieve
concentrationi 01 lead m the effluent
lower than the characteristic level.

In particular, tliu Agency received
treatment data for DU08 wastewaters
from three sources. One set of data
suomitted to me Agency was from the
Uattery Council. Inc (GC1I. These data
represented * small portion of the data
that was collected in the etrtucm
limitations guidelines program for the
battery and nonlerrous metals point
source category. DCl's contention was
that if the Agency decides to develop
treatment standards lower than the
characteristic level fur D008
wastewuters. tlicn the Agency should
base the levels on the effluent guidelines
for the battery and nonferrous matals
categories. The Battery Council
submitted treatment data using the
following treatment technologies: lime
settling, lime settling and nitration, and
carlwnale precipitation, settling, and
filtration. Tins data showed influent
concentration levels ranging up lo 300
ppm. The data showed a substantial
reduction of lead and other metals from
the treatment system. BC1 submitted
corresponding quality assurance/quality
control (QA/QC) information for the
data. If the Agency uses the data from
tli« treatment system, the calculated
treatment standard would be roughly 0.6
mg/L an order of magnitude lower than
the characteristic level

In addition, the Agency received 0008
wuslowMer uViiU from Trial
Environmental Services, a ireater of
DOM and other characteristically
hazardous wastewaters. However, this
waste was commingled with other waste
before treatment thereby blending
down such that tha concentration of
lead would be lower than what was
actually reported. Data was submitted
on the treatment of lead fay precipitation
with phosphate, followed by settling,
and filtration. The concentration of Itad
in tha influent before blending down
ranted up to 10.000 pom. If tha Agency
wad all of lha treatment data in order to
calculate a treatment standard, the)
perfonnance of tha treatment system
indicates that a calculated treatment
standard la O2 mg/L which is more than
an order of magnitude; lower than lha
characteristic level. The Agency would
hesitate to use the data in developing
treatment standards for DOOB
waslewatsrt due to the lack of QA/QC
data and corresponding influent and
effluent data. Because of the initial
concentration of lead and
concentrations of other dissolved metal,
the Agency believes that these wastes

represent the variability associated vs...-.
:ne characteristic wastes.

Also, the Agency received treatment
data from a foundry facility treating
D008 wastewater. This data represents
treated wastewaters by precipitation
with high magnesium lime and nitration.
The lead concentration in the untreated
wastcwater ranged up to 278 mg/l. If the
Acency used all of the treatment data.
:he calculated treatment standard is 04
ma/I, which is an order of maqnxude
lower than the characteristic level. For
this data, the Agency evaluated the QA/
QC data, the design and operating
parameters, and corresponding r.flucm
concentrations.

Based on the evaluation of all of the
wastewaters data received from
comments, a* well as the various Clean
Water Act. effluent limitation guidelines
and pretrtatment standards regulating
lead (for example, the Combined Metals
Data Base and regulations for primary
lead, secondary lead and battery
manufacturing), the Agency conclude!
that well designed and well operated
treatment systems can achieve toul
concentrauona of lead lower than the
characteristic level. As explained in
Section 111.0. however. EPA has
determined not to require hazardous
wastewalers to be treated to levels less)
than the characteristic level in order to
avoid significant and potentially
environmentally counterproductive
disruptions lo the NPOES/pretreutmem
and UIC programs.

In addition, many commenlers
suggested that the Agency not specify a
precipitant as a method of treatment for
0008 wastewalers. Many commenters
suggest that particular precipitant! may
perform better depending on the
characteristics of the waste. For
example. Trial Environmental points
out that phosphate is a superior
precipitant than carbonate or sulfate
because of the low solubility of lead
phosphate. The Agency agrees with the
commenters and ia not promulgating a
precipitant aa a method of treatment. In
fact, the Agency ia promulgating the
treatment standard at the characteristic
level, thereby treatera and generators of
D008 wastewaters may select any
precipitant in order to meet the
characteristic level

(c) Lead Acid Batteries. For lead acid
butteries, the Agency is promulgating a
standard of Thermal recovery uf lead
in secondary lead smelters (RELEADl'
(See 1288-42 Table 1 In today s rule for a
detailed description of the technology
standard referred to by the five letter
technology code in the parentheses.)
The Agency believes that virtually all of

127



Fede

-- ::<• vprs nf ."oa ac"i b.r.p..""<i .1-"
.^,-13 .1 :r-^-,rrv procrs^

..-.CiC'T-Mjnv. ihc Ac-nr-. r -s 'cs 'n.i!
- • i TV-J b.iucnes ir.€T*'::v» wnm

- rr j. j"? not consiiierrJ 'o :;P i.i.-.i!
;• - , =r ; '-ocjuse (he bt i tc-v :i
-s ;;..-n.t in be a coma-npr s"c-10 Ci'R
l > ' l ' ' : ; 3 ! ! U.il'rrv «ior,n:p. r"wt.".rr.

-.!,;•. •; ' • ' I ' - iPCt :o " « S'.- 'T-Tr' I
: ^ -,-_•» .;• in.: tr:i* ' rr; j • -na M soc.ire

)ra:o. scnnu.irv 0 :rt itr.rrrr.! in sornu
-•; inc?5. ana other r'.'T>ircnicn!sl. Srp
--;[Mr! G of r-art COfi.

U'her common'.prj rvipsimnoci
.. • nh.pr !hp si.in or mane from rccui'fv
. -occs'"« wonid need further ir^aimcni
"u wh; •'•"r these wastes snouid oe

r .K"d :n :nnnofiils. The residuals from
-» reroicry process arc a PPW

Tp.ilabilnv group (i.e. tr.e residues arc
-01 lend acid battcrienl and therefore
;iptr status a< prohibited or

-Oiiprohibiieu 19 determined at ihc point
. ;p residue* are generated. Such

-• sidues would thus only be prohibited
-r.'i tnercfnre require further treatment
f :nev exhiun a characteristic. Sec

^i:ussmn of inoreanic Ucuns in section
l'.[ .\ 3 a ol today s rule.

Jl PI in. Um. UHS. and U1J1
-' c.:!rs. The Ac'ncy proposrO
A I^IPWJKT tr"atmenl stanuHrds for
ciil for Pi 10. U144. Ul IS. U140 based on

.1 transfer of the performance of
:-i ipitntion with lime and s»lfidr.
i.lrntmn. .ind tetllinn fnr K'002
.vdsicwutcrs. While tiicsi! U and I1 codes
rcnre-iont nrtmanly or(iano-l«ad
nmpound* und one may consider that

"••• trnnsfcr from an morg-mic Ic.id to an
-rtinic lend is not fr.isible. no

nimcnis were received uidicatini the
.' k of ai.:iipvability. The Agency s
,u imrnt ir. liial the 5l.md.ird i«
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. a^icw.iiers of 0.04 mil I as proposed.
1 iie Aaency has dî ermmod that some

iLMitvasiL'woier forms nf lead wastes
-;judina I'UO. Ul 14. U14G. and some

Utittj ivasies. would neud lo bv
-nncraied prior to stabilization due to

: - : i presence of high concentrations of
arcamcs m order to achieve a treatment
Mimlard based on stabilization. This 11
:--Mn.inlv because the uruanirn ivmcilly
nir-rt>rp with convcnlion.il aulnlizalion
:nicr«»r-s (particulariv al rnnrrntrations
-\ccedmg 1%TOC). The Agency has
:ijta on th« inoMntkm on organic
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Sjlfa'.-i S'.ihratcfiory. nnd for iv.-!Sicwntur
forms of K009. In aduition. ihn Ascncy is
revo»TB the no land disnos-il li.ispd on
rpryc; r^a as a trrnimpnt standard fnr ihr
Non Caicium Sulfutc Subcatceory for
KOTi3 rinnwaittowatPM and is
prom'i::aiina Thrrmal R"!covrrv nf
Lp^d i Srconuarv Lend Smeiinrs
iRI.EADl" Soc 5 CGfl.^^Tdblc 1 in
tnd.r. s rule fr»r a optailnd tipsrniitum uf
ihr |p--nnolri!;v «t.indnrd refrrrcd to by
ihp f i \p iuttcr technology cotlc in ttic
parcr.-nrses.

I "r KUC9 wiistewntcrs. thi; Aecnry is
promuisatins irratmpnt standards for
cnamium and Irad. For c.idmmm. ihc
trcalrrcnt standard is ba.ird on thr
performance of cnp.mir.il prrcipit.iliun
with nmr and suifide and sludan
(Ip.w^'cnng fnr K06Z wastes. For Irad.
:hp treatment jtnndard is based on the
performance of chemical ptrripiMhon
wiih ^iHCnr.siam hvdniviilc followed by
i.l.iri;:CHlion and siudwv rtox>otpnn« f-.ir
Uimtj wastewalers. this irp.-lnirni dai.i
was ^ jiimiltctl as part nf ihr public
mmrrcnt period. The Awn^v bi.'iipvp1*
that ir.ese wastrwatrrs better represent
A KO'i'i wastewal«rd'ie in thr
t'jurpr.tratinn of lend (• * u:i to 3dO
ppnu The Anenry bei;r-.es ;h,it thp
performance of both technologies can
achieve the rcculated cunrrnirntinn duo
tn tn> fact that both prcciuiUlmg agents
arc hydroxides.

13DAT for KUCS nonwaslrwalers m Uic
CalC!um Sulfale Suucatesury is
^tabi.izalmn. The Aarnrv tieiirvps that
thrrr is only one tipner.iior nf this WJSIP
nnd tn.nl this wnsic cannot bi- directly
rrr\cir.d (o recover lr»«l. Thp waste
charactcrizaiion data from the ono
generator indicated thai this waste
contains metal constituents such us
cadmium and lead. The metal
concentrations rinse up 10 3300 ppm.

Fnr the K069 nnnwailiwaters in Ihc
Calcium Sulfite Subcategory. the

• '^w.i.irp.wairrj. Th.s LS a 't .-";.:„ .
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• . ! r«-p< 'O '0 Cn.^fXI rom 'nu«. trip
iTirirm.TnrO nl' ::'P trn i-7;(;r,i ^% s:r --.

: .n be :':cit:mn;p'v 'r^r.^icrrcu
Jl A ':r.n In loo iv s -j:" •-.•- .\ ••:- . .

"•-nviic Hinj irc.'.'^pn! si jn^.ir ;s ;' .r
•.v.isiev\.itcrs ar.ci noi'.was'pw.v.er : c r~^
^i" Kin«) waste' a^ crnpnsrd. For
" .aniiiim and to!.;; TTnrv'.int 'n KIT..'
•.vnr.icwMicrs. Tcni:ncn «;anii.irus a--
•a^ed nn a transfer cf 'he r'prtcrrrar*"-

•;f chromium reduction foil n\ea o> .;::•••
and suifide precipitation, ana
"ew.itcring for KOOI wastes, her ic.ui -
Kino w.istewalcn. trcnlmcni st.in'ja: !
;5 h.-i«rd on the ppri'ornjf.ncr nf chpr^ir.n
nrpripiidtion with maenesiura nydrcxu; •
fnllnwrd bv clarification and siudc"
dewalcrtnc for 0000 wastcwa:rrs. T:>
Aiencv bciicvrs that both tccnr.olnc"1*
ran achieve tnc concentration of thp
rpcnlatrd rnnnnturntu uur in Inc i.ir;
•tnt both prcripiiatine anrms arc
hydroxide*. For K100 nonvvnstewairrs
treatment standards are based on the
transfer of the performance of
tt.iliilization for FOOD wastes.

Treatment standards for KlCO wnsir*
worn oncir.ally scheduled to lie
promulgated as part of the Thiru Thnu
riiicmiiking. However, a treatment
siamljrd of "No Uind Disposal DJSCU .>n
No Generation " for KlOO
nonwastcwatnrs was promu^alcd o~
Aiicust fl. 14flfl.mil subsequently icv^oj
nn Mnv J. 1080 1 34 KR IdflJCI to he
•'Pplicuhle only tn 'iNonwHsicwalcr
forms of these wjstcs sener ncd by m*
process described in the listma
drscription and uisposeu after Aususi
1". 1080. and not generated in the course
of treating wastewater forms of tho<p
waMes lOased on No Genera lion I. ' 1 ho
Aflnnrv received no comments on ih»
treatment standards fur KlOO wastes:
ilicreforc. the Agency is prumulsatins as
proposed.

3 OAT TREATMENT STANDARDS FOR 0003

128



Federal Register Vol. 53. rr-.JJV. l-re
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CMmwi
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• S*« JitB 42 TMM I « I004T • rw« H» i a»-
UM8 OMCfwwn oi mi ttennoavr tunura munil
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g. Mercury
uxic fur mercury

Kori— Unite purification muili from ih«
mtrcury cell proem in thlonnn
pratluciiun. whcrt Mpartlvly prcpunfied
bniw u not UM-U.

KIQt^— Wolcwhicr irtatmtnt »lu<is<* (ram
in« invKury ull pruccu in clitonnc
proiluclian.

t<M>S— Mercury fdminjle.
IWU— 1'ltviiylnwfi.iiry jctnic
LI ISl— Mercury.

EPA i« today promulgating treatment
standards for Uuuil. K.1U6. Fuus. 1VJ3.
ami UtSl. EPA h<ti revised tht proposed
regulatory approach for some of these
wastes in response to comment. EPA is
ulso withdrawing the proposed revision*
for K071 nonwasit! waters. These wastes
ar* described fully in the respective
Listing Background Document!.

(\\MviiwofBDATfor
Nunwatigwaitn. EPA lUentified
thermal recovery processes, acid
leaching, stabilization, and incineration
as BOAT for mercury wastes.
Conumnters questioned whether
thermal processing of mercury should be
the busts (or the exclusive basis) for the
treatment standard. Use of thermal
processing raiiut issues of cross-media

transfer 01 merc-rv as w*t:i as ir.e
environmental uentiu of incrmai
processing over stubinzauun cr ,^r,d
aunosdl. Other commcnts-quustioncij
the •menul)ility«f<nercury suiiide
wastes to stabilization as wuU as EPA s
proposed restnctions on co-drsposdl of
mercury wastes witn aikaune wastes.
T!;e stabilization comments anoUfce co-
J.sDosal issues are aaurusseu m section
Ill.VS.a.

Multimedia issues raised by ihermal
processing of mercury mjien jis involve
ir.e potential transfer of mercury and
sulfur uioxide from the retorting/
rujsuna chambers to downstrejm air
pollution control devices I.\PCUl and
polenliully to environmental nu-uu u ^ .
jir lo water). Specifically. cunimi:nii.ri
fell that EPA had not properly
•jddressed the issue of mercury air
emissions from retorting and a.-.-eJ EPA
to quantify mercury emissions pnur to
determining whether roasting nr
retorting represents DDAT fur mercury
and sulfide wastes (i.e.. KlUOI.

"1 he Agency acknowledges the
Icammacy of the cummenturs cunccrr.s.
wnich Ilie Avuncy sr.jri.5. Ihc Acency
diticussud the ISKUC of air controls for
mercury retorting at 54 Ht 4QG01. l:i
jddilioii. the Avvnty [irovided
calLuldtioiis in Ihc adnmnMraiive record
for the proposed rule of the potential
amounts of sulfur dioxide emissions lo
the uir that could result from the
retorting or roasting uf mercury sulfido
wastes such as KlOu. based en avatlable
performance data from a facility
thermally procenaing cinnubur ores. ETA
also included the document entitled.
"Review of National Emission
Standards (NESI lAPs! for Mercury"
I EPA 450/3-64-014.1'JW) in the
proposed administrative record. In this
1'JtM document. EHA provided
quantitative analysis fur the potential of
mercury air emi*»ions Irom several
industrial operations that include the
thermal processing of cinnabar ores as
well as the retorting of mercury
containing wastes.

The available air emission
information shows that both mercury
and sulfur dioxide emissions can be
effectively controlled by well designed
and well operated air pollution control
devices that allow for the recovery of
valuable mercury. Based on available
air emission information, performance
data from the thermal processing of
cinnabar ores, and performance data
from the retorting/roasting of mercury
wastes. EPA determined that retorting/
roasting represent BOAT for mercury
wastes. EPA reaffirm* this
determination in today's rule. In order lo
iissure lhat air emissions from mercury
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A. IS ICV \a t c r s . EI'A 19 promu'.^itins;
v.TnccrT.t i .on siantlarJs baacu on
••;jrr.:c .. orcciOH.Ttion: for DOuS jn^i

! *>13 I'.'^'jv;"*! ai mJiCalcd bciowi

_ .icc.v.-a'.^ri standards Utue^ en
v.i'j...i.i'.on

r _r I •"". j ~I.T MI usiev.'dters u .in ^:i:h

•~-.i« whales :ie r.c:rcr j 'eJ cr:or '.o
j'.ib.. ;j'..cr.. 3;:l:ic:eni c.inauiiy exists
• • t:cj! surt.ice-ciisposrd Dc'05 ar.d lf)'.3
v !='os. '. nerc:'ore, EI'A :s r.ut cranlins a
r..:t:iin .1 c-r>,ic:'.v w.rianrc for men.

c; Cadrr..uT. \VuSti-s. i-ur OOOti
•.s.iates. EI'A is promii>uai:ns trciilmenl
iMn-.irds f .T rnree c.iticonc's:
v. asttwaiers. nonwasiewaters. anil
c ii;rr.;um batienej.

I ur UOG6 ivustcwaters. EI'A is
crociuiqauni; concentration standards
based on cncm-L^ii precipitation. Fur
IXXHJ nonwu.strwaier*. Ll'A is
(roiriui'.Minv.' concentration standards
!:.tscd o.i siuiulizuliuii (;r mct.il
recovery. k.P.\ believes mat su::;cient
c.io.iLKy ev is is 10 treat surtace-uisposed
L lumium nunwasicwaters and
u jbitxvaters. Theretorc. EPA is not
cranting a nationu! capacity variance for
"icm.

I-ur 0006 cadmium butteries. EPA is
prumu!S3tinij thermal recovury as iiie
i-.ethod of treatment. In the proposed
rule. EI'A proposed granting DOOC
cadmium batteries a national capacity
variance itue to u lack of uicnulicd
ft'CuvL-ry capacity. Uiinntj the public
comment period, two commentcrj
identified available commercial
tjdmium battery recovery capacity
incse conimenis were available fur

rcpiy comments). EHA contacted these
i.^minemcrs 10 vcnfv their capacity,
u.iseu on iht^e contacts. F.TA received
jdditioiidl infurmjtiun .mil determined
i'ioi jueuuatc capacity fur treating
î r^d.- juposod caamium Uattenes
L-Mitj. inertiurc. EI'A ik not prunime
! .L>':(j c.nJuiium baucnes a national
uapaciiv variance.

|>l| Chromium Wastes. Kor U007
chromium and UOJ2 (uulcium cliruniulu)
v.astewaters. EPA is promulgating
conceniration standards baled on
cnromum reduction followed by
crif-nical precipHMiOK for 0007 «nd
LUU nonwasiewaMft. EPA if
i.Tumuiyaiini! caacHUniion standards
!M>cd on cnromiMl rtducuon followed
l>y iijbihzauon. EPA twiievt* sufficient
t:c'aim«'nt capaaty exists for the volume
1,1 these wastes. Therefore. EPA i* not
rramin" .1 naiional capacity vanancc for
llu>m.

|i-l l.i:ad Wastes.

I.eaU jcc'j:i'

' '4tl — I <rtj Sv
Ku»iJ — t-T.;>Sij i dual >i^iit :rcn

K I'JO— 'A a»:c :c ju:.i.'s suijl.on from Jci J

fr^^i it^TJ .rv ,ciJ 5rre:'..ua
For Uo^u rtjiius. tl'A 18 promniii.iiin;

standaroa :'u: :nrc'e calc-corits.
- jnwastew.iic'ri. Wrt i iewaicfa. ur.d
1-ad-acia 'ja'.:eia-3. r jr UtOU
r.unwa*iewiiter ieau wasiea. F.PA is
promuL.iiiniz concentratun iiandaras
nascd on sl«U!.:zattoii. except ivnere l!ic
waste c^r.tjiPa iijiiiiicunl
concL'n:ratic'ns oi oruanics. In this cii»e.
i:itse v\jsius may need to be ini-ir.craicd
pr:or lu ^UiLfiiizaimn. Ft>r OiXjU
w.istewjtcrs. CI'A in pruniuliialing
ronccniration standards based on
cnemicul precipitatiun. EI'A believes
suifiucnt cnpucity exists for surface-
disposed UOoti w.isicwaterj and
nunv/a.MeWiiicrs. Ihercfure. Ll'A is not
L'r.miin'j a nalion.il capacity variance lor
Uuw wdstewutcrs and nonwasiewaters.
ivith the txcuDiiunj noted below.

I.PA is prumuiu'iilm? thermal recovery
£3 the metnod ul treatment for lead-acid
batteries. Secondary lead »mclters have
stated that they store these wastes in
piles prior lu tecovcry. EPA has
indicHled in a previous rulemaking that
the shells surruunduig lead-«ud
battcncs arc considered to be storage
containers Uee 47 KR 12310 and 40 CFR
Ju4.314|n(3)).lhereforu. to tlm extent
iliiil lead-acid baitery sioragv meets all
(tie reqi.iremcnl> of the IX)I< sturu""
prohibitions al 40 CFR :(iO.£0. such
*iorap.e is permissible.

In the proposed rule. EPA solicited
comments on thi- management of other
UOua lead material al secondary
jinellerv F.I'A nho indicated that
iiorace uf lead m.uunaU m ivasle piles
prior to »m« Inns u a form of land
dispoa.it. and ao >u(.h llic-se Jl.ininy
iiieii* are Sabivcl lo the slitutoiy
pnilnbiiiuns. Da.n.j the public comment
period. E.'A reel iked several uun.meta.i
irom the atcond.irv lu.m smeitinij
industry rL'̂ ardi.iK tile kturagi: uf buttery
purls prior tu smelting, beveml
commenters expressed concern thai
ll'A's deierminuiton thai staging piles
are a form ul land disposal could force
them to close or operate oul of
compliance while tuning pile* are
replaced by lank* (assuming lunk
siorase i* viable). As a result of these
comments. EI'A contacted several
secondary smellers to asses the
potential capacity impact of required
staging area reconstruction. Because of
the l.ifue vntumi: uf h.illc-nes currently

ed ut hniultniK f.icilitiesi whtme

;..ei>..jn EPA 13 *r..r,ur.i.: j :wi- .e j -
r.aiiona! capacny variance to d.lo^-'
iioruue of tne batteries prcreuir.^
smelting. EPA 19 also reconsidering
wnerher cerldin forms of baii-ry pa:Ti
siurage meet irie meaning of land
disposal under section 30011k.I In
pirucuiar. if baltery parts lor other
wus'.esl are stored in J-sided i.ir.k. uki>
v;cvices en concrete inside builviir.cs nhu
present s;urd\;e method cf some
bocor.dary lead smenersl the Ajency is
rot certain that the lancuase anu
Toiicies underlymsj sectiun JOWIk!
wdrrd..l desik;nilintj sucn prac'.icc ja
'land disposal." Given tnc two-scar
national capacity variance in t!h.i r^itr.
however, the Accncy need nut rnaKe a
final decision o.i tins point in tnis
rulemakmg.

For WtO. UU4. U145. and UHO
wastes. EJ>A is promulgating
concentration standards based en
clicnucal oxidation followed by
chemical precipitation for wusicwaliTj.
and stabilization for no'twaslewutcrs.
I'llO. U144. Ul45. and UHb
r.onvvustewciters containing siqmficrfni
cuncentratiuns of or«anics may require
incineration prior to stabilization. KFA
believes sufficient capacity exists for
the small volume of these wastes that
ere surface-disposed: therefore. FPA is
not granting • national capacity
variance fur them.

EPA is revoking the no land disposal
standard based on recycling standard
promulgated in the Kirsl Third rale fur
the iiuii-calkiuiii sulfale mbc.ilrpory fur
KUCU imnwastewuiers. For K009 calcium
sulfale numvastewmers. EPA u
promulgating concentration standards
based on stabilization I-or KOOO nun-
c.-.'.Lum sulf.ile r.L.r.wnSlewdi'jrs EPA 19
pronuilsating recycliiifj ai t..c* n:uihod nf
ire.ii.T.e:il. Fur Ku»M w.isUw.ilcTS. III'A :s
[jroiuul^ulin^ CuiiLLiuraiioii sU-.adafds
bnsc-O nil Liicm:i u! prec:pilal!o.i. Ll'A
bflit".. 9 adcull.i'.e ('.vut'.iU cxl^U UJ
t -e.it ti.e vulair.fc uf surface Liiuposto
Kut'.i w.ijU-»VMU-:» .nid nor.wuslewaler^.
Ihercfuii*. Ei'A i^ u>ti pr.intuiu a (.apauiv
v.ii ;,iiice î r iliciii.

For K1UO nonw&atewalers. EI'A i»
revoking the no land disposal standard
based on the "i>o generation standards
promuliialed in me First Third rule.
1'oday. EI'A in promiiluating
concentration itandards bused on
stabilization fur the nunwastcwalers
and chemical precipitation for the
wasttwaters. EPA believes adequate
capacity exists to treat the volume uf
surface-disposed klUO wastes.
1 herefore. KPA is not urantmg a
c.ip.iciiy variance fur them.

I
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APPENDIX D

CLEANUP LEVEL FOR LEAD IN QROUNDWATER
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SUBJECT: 'Cleanup Level fcr Lead in Grou/d/pter

FROM: Henry L. Longest, Director
Office of Emergency and

Bruce M. Diamond, Director, _
Office of v.Taste Programs En

TO: Patrick M. Tcbin, Director
Waste Management Division, Region IV

PURPOSE

This memorandum addresses the issue of a protective cleanup
level for lead in ground water usable for drinking water, which
is a major concern for several Superfund sites in Region IV.

OBJECTIVE

The objective f this memorandum is to recommend a final
cleanup level for id in ground water usable for drinking water
which will meet the JERCLA requirement that all Superfund
remedies be protective of human health and the environment.

BACKGROUND

The current Maximum Contaminant Level (MCL) for lead is 50
ppb and was promulgated in 1975 as an interim national primary
drinking water regulation (NPDWR) under the Safe Drinking Water
Act (SDWA). On November 13, 1985, the Agency began the process
of revising this standard by proposing a Maximum Contaminant
Level Goal (MCLG) as required by the SDWA (50 FR 46936).

On August 18, 1988 EPA proposed an MCLG for lead at zero and
an MCL of 5 ppb (53 FR 31516). Also, since the primary cause of
lead-contaminated drinking water is corrosion of lead-bearing
pipes in public water supply (PWS) distribution systems and/or
household plumbing, the proposed rule would direct PWSs to meet
treatment technique requirements and to deliver public education
to reduce and minimize exposures to lead in drinking water.
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These requirements wou4d ce triggered when an action Level
is exceeded at ccnsur.ers' taps throughout the water distribution
syste-. The Agency proposed an action level of 10 ppb, on
average, to trigger corrosion control and public education.
Another lead action level of 20 ppb, measured at the 95
percentile of samples, was proposed as a trigger for public
education.

The Agency is considering promulgation of treatment
technique requirements which may include additional source water
treatment, lead service connection replacement, and public
education if lead concentrations at the tap exceed an action
level. Any such technological treatment targets will provide
substantial health protection. A final rule is being worked on,
and is scheduled for promulgation in December 1990.

DISCUSSION

No cancer potency factor or reference dose has been
promulgated for lead; therefore, an assessment of protective
levels of lead in ground water that may be used for drinking
water purposes will be based on current data. The Agency has
identified 10 micrograms per deciliter (ug/dl) as a blood lead
level of concern in young children. Blood lead levels above 10
ug/dl are associated with increased risks of potentially adverse
effects on neurological development and diverse physiological
functions.

Attached is available data that support the recommended
final cleanup level for lead in drinking water at Superfund
sites. This information includes the June 15, 1990, EPA draft
final report entitled, "Contributions To a Risk Assessment For
Lead in Drinking Water" and the June 1986, EPA draft final report
entitled, "Air Quality Criteria for Lead" (Volume III of IV, p.
11-129). Based on these data, lead levels in drinking water of
15 ppb and lower should correlate to blood lead levels below the
concern level of 10 ug/dl. The Agency estimates that steady
exposure to a water lead concentration of 15 ppb would
contribute, at most, 2-3 ug/dl to a child's blood lead. Sources
of lead other than drinking water (e.g. food, air, soil, dusts)
typically contribute approximately 4-5 ug/dl to children's blood
lead. Accounting for the variability inherent
in childhood behavior, nutrition, and physiology, it is
estimated that total lead exposure, given 15 ppb in drinking
water, would result in blood lead levels below 10 ug/dl in
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99 percent: of y--"7 children -..-ho are not exposed to
excessive Lead paint hazards or heavily contaminated soils.
Therefore, a 15 ppb cleanup level would provide substantial
health protection for the majority of young children. Most of
the re-aining lead problem will continue to be contaminated
soils and old lead-painted housing.

In an April 10, 1989, Federal Register notice (54 PR
14315), EPA announced the availability of a guidance document and
testing protocol entitled, "Lead in School's Drinking Water," to
assist schools in determining the source and degree of lead
contamination in school drinking water supplies and how to remedy
such contamination. That document, which is also attached,
recommends that schools take remedial steps whenever the lead
level at any drinking water outlet exceeds 20 ppb.

RECOMMENDATION

Based on a review of these and other studies, it is
recommended that a final cleanup level of 15 ppb for lead in
ground water usable for drinking water is protective. If water
used for drinking purposes subsequent to achieving the cleanup
goal in the aquifer may need further treatment to account for
lead contributions related to the distribution of water through
pipes, the responsibility for this additional treatment or the
replacement of lead-bearing water pipes lies with the persons who
are using or distributing the water. A concentration of lead of
15 ppb in drinking water should generally correlate with a blood
lead level below the concern level of 10 ug/dl. In some
situations, .lower cleanup levels may be appropriate based on
site-specific factors, such as multiple pathways of exposure
caused by lead from the site.

If the remedial action will include treatment and supplying
water directly to the public for drinking water consumption-,
compliance with a 15 ppb action level should be met at 90 percent
of the taps to ensure that the remedy is protective. When the
lead NPDWR is promulgated, applicable or relevant and appropriate
requirements of that rule should be met.

FUTURE GUIDANCE

After promulgation of the lead NPDWR, guidance will be
issued discussing those provisions of the rule that may be
applicable or relevant and appropriate for Superfund actions.

For further information, please contact Tish Zimmerman at
FTS 382-2461 or Neilima Senjalia at FTS 475-7027.
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AIMER

The reccr.r.endations in this document are intended solely as
guidance. They are not intended and cannot be relied upon to
create any rights, substantive or procedural, enforceable by any
party in litigation with the United States. EPA reserves the
right to act at variance with these recommendations and to
change them at any time without public notice.

Attachments

cc: Directors, Waste Management Division, Regions I, V, VII, VIII
Directors, Emergency and Remedial Response Division, Region

II
Directors, Hazardous Waste Management Division, Regions III,
VI, IX

Directors, Hazardous Waste Division, Region X
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APPENDIX E

INTERIM GUIDANCE ON ESTABLISHING SOIL LEAD CLEANUP
LEVELS AT SUPERFUND SITES
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. O.C. 20460

31.1. : .'.45" ;•

OSWER Diractiva 19355.4-02
MEMORANDUM

SUBJECT: Intaria Guidanca on Establishing Soil Laad Claanup
Lavals at Suparfund Sitaa.

FROM: Hanry L. Longast II, Oiractor
offiea of Eaargancy and Raaadial Rasponsa
Bruca Oiaaond, Oiractor'
Offiea of Waata Prograas Enforcaaant

TO: Oiraetom/ Waata Managaaant Division, Ragions I, II,
IV, V, vil and VIII
Oiractor* Eaargancy and Raaadial Rasponsa Division,
Ragion II
Diractors, Hazardoua Haata Managaaant Division,
Ragions III and VI
Diractor, Toxic Wasta Managaaant Division,
Ragion IX
Diractor, Hazardous Wasta Division, Ragion X

PURPOSE

Tha purpOM of this diractiva is to sat forth an intaria soil
claanup laval for total laad, at 500 to 1000 ppa, which tha Offiea
of Eaargancy and taasdial Rasponsa and tha Offiea of Wasta Prograas
Enforcaasot osasUitar protactiva for diract contact at rasidantial
•attingsfc, fluto ranga is to ba usad at both fund-laad and
£nforcasant-l«ad CBMX* sitaa. Purthar guidanca will ba davalopad
aftar tha> Afaaoy has davalopad a varifiad Cancar Potancy Factor
and/or • •afaraaca Dosa for laad.

Laad is coaaonly found at hazardous vast* sitaa and is a
contaainant of concern at approxiaataly on*-third of tha sitas on
tha National Prioritias List (KPL) . Applieabla or ralavant and
appropriata raqulraaants (AltARs) ara availabla to provida claanup
lavals fdr laad in air and vatar but not in soil. Tha currant
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National Aabient Air Quality Standard for lead is 1.5 ug/n3.
while the existing Maxiaua contaainant Level (MCL) for lead is
50 ppb, tha Agency has proposed lowering the MCL,for lead to lo pc
at the tap and to 5 ppb at the treataant plant(*•>. A Maxiaua
contaainant Level Goal (MCLC) for laad of zero was proposed in
1988<2'. At th« present tiae, thara ara no Agancy-varifiad
toxicological valuas (Rafaranca Dosa and Cancar Potancy Factor,
ia., slop* factor), that can ba usad to parfora a risk assassaant
and to davalop protactiva soil claanup 1avals for laad.

Efforts ara undarvay by tha Agency to davalop a Cancar
Potancy Factor (CPF) and Rafaranca Dosa (RfD), (or siailar
approach), for laad. Recently, tha Scianca Advisory Board
strongly suggastad that tha Huaan Haalth Assassaant Group (HHAG)
of tha Offica of Rasaarch and Davalopaant (ORD) davalop a CPF for
laad, which was dasignatad by tha Agancy as a B2 carcinogan in
1988. Tha HHAG is in tha process of salacting studias to dariva
such a laval. Tha laval and docuaantation packaga will than be/-
sant to tha Agancy's carcinogan Risk Assassaant Varification I
Exarcisa (CRAVE) workgroup for varification. It is axpactad that
tha cocuaantation packaga will ba sant to CRAVE by tha and of
1989. Tha Offica of Eaargancy and Raaadial Response, tha Offica*
of Wasta Progress Enforcaaant and othar Agancy prograas ara
working with ORO in conjunction with tha Offica of Air Quality
Planning and Standards (OAQPS) to davalop an RfD, (or siailar
approach), for laad. Tha Offica of Rasaarch and Davalopaant and
OAQPS will davalop a laval to protact tha aost sansitiva
populations, naaaly young childran and pragnant woaan, and submit
a docuaantation packaga to tha Rafaranca Dosa workgroup for
varification. It is anticipatad that tha docuaantation packaga
will ba available for raviav by tha fall of 1989.
IMPLEMENTATION

Tha following guidance is to ba iaplaaantad for raaadial
actions until further guidance can ba developed based on an Age.
verified Cancer Potency Factor and/or Reference Dose for lead.

This evidence adopts tha recoaaendation contained in the 1985
center* fa* Disease control (CDC) statement on childhood laad
poisoaiafC>> en* ia to ba followed whan tha currant or predicted
land use) is) residential. The COC recoaaendation states that
«... laad ia soil and dust appears} to ba responsible for blood
levels in children incraaaing above background levels whan the
concentration ia tha soil or dust exceeda 500 to 1000 ppa".
site-specific conditions say warrant tha use of soil cleanup
levels below tha 500 ppa level or soaawhat above tha 1000 ppa
level. The administrative record should include background
docuaents on the toxicology of laad and inforaation related to
site-specific conditions.
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Tha rang* of 500 to 1000 ppa refers to levels for total laad
a« meaaurad by protocols developed by th« Superfund Contract
Laboratory Program. Issues have been raiaed concerning tha rola
that tha bioavailability of laad in various chemical foraa and
partida aizaa should play in assassing tha haalth risks posad by
axposura to laad in soil. At this time, tha Agancy has not
davalopad a position ragarding tha bioavailability issua and
baliavas that additional information is naadad to davalop a
position. This guidanca may ba ravisad aa additional information
bacomas availabla ragarding tha bioavailability of laad in soil.

Blood-laad tasting should not ba usad as tha sola critarion
for evaluating tha naad for long-tan ramadial action at sitas that
do not alraady hava an axtansiva, long-tan blood-laad data
base*1).

EFFECTIVE DATE OF THIS GUIDANCE

This intarim guidanca shall taka affact iaaadiataly. Tha
guidanca doas not require that claanup lavals alraady antarad into
Racords of Decisions, prior to this data, ba ravisad to conform •
with this guidanca.

In ona case, a biokinatic uptaka modal davalopad by tha Offica
of Air Quality Planning and Standards was usad for a sita-
spacific risk aaaaasaent. This approach was raviavad and
approval by Haadquartara for usa at tha site, baaad on tha
adaquacy of data (dua to continuing COC studiea conducted ovar
many yaara) . Thaae data included all children 'a blood-laad
levels collected ovar a pariod of several years, aa vail aa
family socin economic atatua, dietary conditiona, conditiona of
hoaea and extaaaiva environmental lead data, alae collected ovar
several yaara. Tola amount of data allowed tha Agancy to uaa tha
aodai without a naad for extenaiva default valuaa. Uae of tha
modmji tJaaa allowed a more precise calculation of tha level of
claajmaa aoodad to raduca riak to children baaad on tha amount of
contaaiaatioa froa all other sourcea, and tha effect of
contamination levela on blood-laad lavala of children.

1. 53 PX 3131«, Auguat It, I9aa.
2. 53 PR 31321, Auguat It, 191S.
3. Preventing Laad Poisoning in Young Children, January

U.S. Department of Health and Human Services, Center-
Oiaaaaa Control, 99-2230.

139



APPENDIX F

U.S. PRIMARY AND SECONDARY LEAD SMELTERS
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TABLE F-1. UST OF U.S. PRIMARY AND SECONDARY LEAD SMELTERS

Primary Smelters

ASARCO
ASARCO
ASARCO
Doe Run
Doe Run

Secondary Smelters

ALCO Metals
East Penn Mfg.
ExidaCorp.
ExidaCorp.
ExideCorp.
QNB. Inc.
GNB, Inc.
QNB, Inc.
Genera) Smelting & RefWng
Gophar Smelting & Refining
Gulf Coast Lead
Interstate Lead
Master Metals
Padfic CWoride
Refined Metaia
Raflnad Metals
ROM Metals
Roth Brothers
RSRCorp.
RSRCorp.
RSRCorp.
Sanders Lead
SchuyUd Matato
Schuyttdi MatHs
Standard Industrie*
TaraCorp.

Omaha. NE
Glover, MO
E. Helena. MT
Boss, MO
Herculaneum, MO

Los Angeles, CA
Lyon Station, PA
Reading. PA (General Battery Corp.)
Munda, IN
Galas, TX (Dbbe Metals Corp.)
Columbus, GA
Frisco. TX
Los Angeles, CA
Cottage Grove, TN
Minneapolis, MN
Tampa, FL
Leads. AL
Cleveland, OH
Columbus, QA
Beach Grow, IN
Memphis. TN
Rossvie. TN
Syracuse. NY
Mkkjletown, NY

•polls, IN
Los Angeles, CA
Troy.AL
Baton Rouge, LA
Cannon Holow, MO
San Antonio, TX (Reliable Battery)
Granite Cty, IL

Source: Fox. Weinberg. and Bermett, Washington. D.C.; U.S Bureau of Mines.
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LEGEND
Primoy smelters-refineries
A Operating
A Shutdown

Secondary smelters
• Operating
O Shutdown

FlpjureF-1. Location ol primary and secondary smellers

Source: Isharwood. at al. U.S Bureau ol Mines.
Open Ha Report 55-88. 1888.


